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PREFACE. 


No apology seems needed for presenting to American readers the 
translation of a book so well and so favorably known as Prof. Fuchs’s 
Lehrbuch der Augenheilkunde. The care and judicious spirit govern- 
ing the selection and presentation of facts, the thoroughness and fresh- 
ness of the information, and the scientific accuracy which characterize 
the original, have won for it the first place among ophthalmological 
text-books. To these essential properties there is superadded one 
scarcely less important in a book of this character, namely, a clear, 
concise, and pleasing style. In the endeavor to make his version 
worthy of the original in this important regard, the translator has 
taken considerable liberties with the German text, and has not hesi- 
tated to alter grammatical relations, substitute and interpolate words, 
and in other ways depart from the strict letter of his model whenever 
it has seemed to him that clearness and the necessities of the English 
idiom required the change. Upon this point he is glad to say that he 
has the entire approval of Dr. Fuchs, who has not only given his au- 
thorization to the work of translation, but has been good enough to 
look over and indulgent enough to commend that portion of the book 
submitted to his inspection. 

In consonance with his views of a translator’s duties, the author of 
the present version has made only such additions as seemed necessary 
to adapt the book to American readers. These additions are every- 
where distinguished by being inclosed in brackets, and, in the case of 
foot-notes, by having the letter D appended to them. The translator 
alone is responsible for such insertions; at the same time, it is but fair 
to state that a number of them have been submitted to Dr. Fuchs and 
have received his approval. 

The appendix containing the cuts of instruments is also matter 
inserted by the translator. These cuts (and also the two on pages 656 
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and 657) have been kindly furnished by Tiemann & Co., and by E. 
B. Meyrowitz, the well-known instrument-makers of this city, to 
whom the translator desires here to make suitable acknowledgments 
for the courtesy extended. 

It is the hope of the translator that he has succeeded in faithfully 
reproducing a work the many excellences of which should command 
for it a wide circulation in this country, as they have already done in 
Europe. 

A. Duane, M. D. 


25 East Tuirty-rirst STREET, New York, July 6, 1892. 
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CHAPTER] 1 
OBJECTIVE EXAMINATION OF THE EYES. 


1, THE examination of a patient’s eyes is begun after establishing 
the history of the case. In making this examination too much stress 
can not be laid upon the necessity of proceeding systematically, since 
otherwise important matters can very readily be overlooked. We first 
examine the patient with regard to his general physical condition as 
well as with regard to the expression of his countenance, and then, in 
observing the eyes themselves, proceed gradually from the superficial 
parts—lids, conjunctiva, and cornea—to the deeper portions. 

In respect to the lids, there are to be considered their position and 
mobility, the breadth of the fissure between them, and their power of 
closing. The character of the skin lining the lids is examined, and 
especially at their margins, where pathological changes are most often 
found. Apart from the symptoms of inflammation, which are local- 
ized with especial frequency at the borders of the lids, the things 
that we must look for are whether the palpebral edges have not pos- 
sibly lost their sharply defined form and outline, whether the cilia are 
correctly placed, and also whether the puncta dip properly into the 
lacus lacrymalis. At the same time, we must not neglect to investi- 
gate the region of the tear-sac. Should simple inspection disclose no 
alteration, it is yet often possible, by pressure with the fingers in this 
region, to make the contents of the diseased sac exude through the 
puncta. 

The examination of the eyeball itself is often rendered very diffi- 
cult by strong spasm of the lids—blepharospasm. This is especially 
the case in children who, the more the physician attempts to draw the 
lids apart, squeeze them the more tightly together. In these cases the 
forcible separation of the lids calls for the greatest caution, since, if 
this is not observed, and a deeply penetrating uleer is present, it is easy 
to cause a sudden perforation of the cornea, nay, even the extrusion of 
the lens from the eye. By dropping a solution of cocaine between the 
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slightly parted lids we try to diminish their sensitiveness; and for the 
separation of the lids we can, with advantage, use Desmarre’s elevator, 
with which we shall less readily inflict an injury than we should do if, 
in using the fingers, we exerted too great a pressure upon the eyeball. 
Finally, in many cases it is only by means of narcosis that we can ob- 
tain a sufficiently satisfactory view of the eyes. In spite of all these 
difficulties we should not be deterred from insisting upon an exact 
examination of the eyes at the patient’s first visit, in order to establish 
the diagnosis and prognosis and to determine the treatment. 

In regard to the eyeball itself, we must first satisfy ourselves whether 
its situation in the orbit, its position in respect to the other eye, its 
size, and its mobility are normal or not. 

The conjunctiva of the lids can be brought into view by everting 
the latter. With the lower lid, it is sufficient for this purpose to simply 
draw it down, while the patient is told at the same time to look up. 
With the upper lid, eversion requires a certain degree of skill, which 
must be obtained by practice. It is the more important to acquire this 
facility, since it is just the conjunctiva of the upper lid that generally 
affords the best evidence for the diagnosis of conjunctival diseases : 
the thickening of the conjunctiva, the uneven surface, the formation 
of cicatrices, which are characteristic of trachoma, are here most easily 
to be perceived. Further, the eversion of the upper lid is very fre- 
quently necessary for the removal of foreign bodies. 

In the examination of the cornea, besides a careful inspection (with- 
out and eventually with the aid of a loupe), there are two artifices 
which are particularly in use—examination of the corneal reflex and 
lateral illumination. ’o examine the corneal reflex signifies nothing 
more than to direct the eye in such a manner that the reflection of 
a window placed opposite it is visible upon the cornea (in Fig. 24 the 
image of four window-panes is seen upon the upper and outer quad- 
rant of the cornea). By causing the eye to follow the movements of a 
finger held before it, the reflection is gradually brought upon different 
portions of the corneal surface, of whose curvature and smoothness we 
in this way obtain an impression. 

Lateral illumination consists in the concentration of light upon a 
certain portion of the cornea by means of a convex lens. This impor- 
tant method, although already employed by Himly, Mackenzie, and 
Sanson, was yet very little known formerly, and first obtained general 
currency through the efforts of Helmholtz. A light (candle or lamp) 
is placed beside and somewhat in front of the patient. Then, by the 
aid of a strong convex lens (of 15-20 D.), the rays are concentrated to 
a cone of light, whose apex is made to fall upon the portion of the 
cornea to be examined. This method is designated as focal illumina- 
tion, because the point to be illuminated is brought into the focus of 
the lens. This point stands out with special distinctness because, on 
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the one hand, a great quantity of light is concentrated upon it, and 
because, on the other hand, the parts immediately surrounding it re- 
main almost completely in darkness. On this latter ground, lateral 
illumination gives the most advantageous result if in its application 
the room is darkened. By lateral illumination we can recognize 
opacities in the cornea which are perceptible in no other way. The 
iris, too, and the lens as well, can be examined in this way by vary- 
ing the depth to which the light is projected. By so doing we have 
not merely the advantage of getting very sharp images, but also, from 
the fact that we can at will vary the depth to which the apex of the 
conical sheaf of rays is projected, we get information as to the depth 
at which the changes that we observe are situated. A handier method 
of lateral illumination is furnished by the lamp of Priestley Smith. 
This carries in its center a small candle as a source of light; a 
strong convex lens let into the side of the lamp serves for the pro- 
duction of the cone of light. 

In addition to the appearance of the cornea we have further to 
examine its sensitiveness, which is best done by touching it with the 
point of a thread. 

The anterior chamber must be examined more especially in respect 
to its depth—that is, whether it is shallower or deeper, as a whole, or 
whether possibly it is of unequal depth. Further, we look for any 
abnormal matters which may be present in the chamber, such as an 
exudate, blood, foreign bodies, etc. 

In the iris its color as well as the clearness of its markings must be 
observed. For the recognition of adhesions the instillation of atro- 
pine is often requisite. We inspect the active movements (reaction) 
of the iris as well as any passive movement that may be present 
{tremulousness of the iris in movements of the eyeball). In order to 
determine the reaction of the iris to light, we first cover the eye by 
holding the hand before it, and then see whether, upon suddenly re- 
moving the hand, the pupil contracts. Besides this, we must test the 
reaction of the pupil to convergence and accommodation. Lastly, we 
determine whether the pupil is circular, of normal width, centrally 
placed, and of pure black hue. 

Of the Jens we see under ordinary circumstances only the small 
section of the anterior surface, which lies free in the pupil. If we 
wish to examine the lens more extensively, wé dilate the pupil with 
homatropine and use lateral illumination. As long as the lens is still 
transparent, the ophthalmoscope gives us the best conclusions in re- 
gard to its constitution. Whether the lens is present in the eye at 
all or not can be determined by investigating the Purkinje-Sanson re- 
flex images. If a candle is placed before the eye and somewhat to one 
side of it, two brilliant reflections are observed. One of these at once 
attracts our attention by its size and brilliancy ; it is the corneal reflex 
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—that is, the erect image of the flame reflected from the anterior sur- 
face of the cornea. It is this reflex which even from a distance is 
visible in every eye, and gives to the latter its fire and luster. The 
second reflex is quite as bright, but so small that we have to look for it 
at first in order to find it. It presents the very small inverted image 
of the flame which is reflected from the posterior surface of the lens 
(posterior lenticular reflex). It is distinguished by moving in the con- 
trary sense to the source of light when the position of the latter is 
shifted ; if the candle is depressed, the shining point rises, and vice 
versa, in opposition to the corneal reflex, which moves in the same 
sense as the candle-flame. Now, this second reflex, or, as it is called, 
the posterior lenticular image, is a certain proof of the presence of 
the lens in the eye. It is not, however, permissible to reverse this 
proposition—that is, if the posterior lenticular image is not present, 
the lens, of course, may be-wanting; but it may also happen that, be- 
cause of turbidity of the substance of the lens, a reflection can no 
longer be developed on its posterior surface. 

Finally, before proceeding to an examination with the ophthalmo- 
scope, the ¢ension of the eye is to be tested. The eye is closed and pal- 
pation is made by means of the two index-fingers, which are placed 
upon the upper lid. Here, as in all the previously mentioned methods 
of examination, the best measure for any variation from the normal 
is obtained by a comparison with the other eye, it being presupposed 
that the latter is healthy. 


EXAMINATION WITH THE OPHTHALMOSCOPE (OPHTHALMOSCOPY). 


2, The invention of the ophthalmoscope by Helmholtz in the year 
1851 was one of the most beneficent achievements in modern medi- 
cine. It has made the interior of the eye accessible to investigation ; 
blood-vessels and nerves, which in the rest of the body are exposed only 
by surgical manipulation, here lie unveiled before us and permit us to 
study their minutest variations. In ophthalmology, the ophthalmo- 
scope has produced a complete revolution, since it has thrown light 
into the dark region of what was formerly called black cataract, and 
has acquainted us with the manifold morbid processes which lie at 
the root of this dreaded malady. Many of these processes, if diagnosti- 
cated correctly and in time, would, at the present day, receive success- 
ful treatment. Furthermore, in general medicine the ophthalmoscope 
has become an indispensable aid to diagnosis, since many internal dis- 
orders produce characteristic changes in the fundus of the eye. 

Principle of the Ophthalmoscope.—In order to see the fundus of 
an eye, we must throw light by the aid of suitable apparatus through 
the pupil and upon the fundus, and receive the light reflected from the 
latter into our own eye and unite the rays to form a sharp image. In 
the original ophthalmoscope of Helmholtz this end was obtained in the 
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following way: Before the eye under investigation (4, Fig. 1) a glass 
plate, PP, is placed in an oblique position. A source of light, Z, 
placed to one side of the eye, throws upon the glass plate rays, part of 
which are reflected at the surface of the plate and pass through the 
pupil into the eye, A. The rays reflected from the fundus, a, arrive 
once more at the glass plate and are there in part reflected to the 
source of light, Z, while another part goes through the glass plate and 
enters the observer’s eye, B, which unites the rays upon its retina into 
a well-defined image, J. In order to increase reflection at the sur- 
face of the plate and thereby illuminate the background of the eye 
more intensely, Helmholtz placed three such plates one behind the 
other. A later modification consisted in increasing the reflecting 
power of the glass plate by lining its posterior surface with a mirror 
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coating, a round hole through the plate or at least through the mirror- 
coating enabling the observer to see through it. Of this sort are the 
coated plane mirrors, or mirrors of feeble illumination which are now 
employed. As mirrors of strong illumination we designate concave 
mirrors, which are also coated and are perforated through the center 
(first employed by Ruete). These, from the fact that they render con- 
vergent the rays springing from the source of light, throw a still 
greater quantity of light through the pupil into the observed eye. An 
apparatus is placed in front of the perforation in the mirror, which 
renders it possible to bring different sorts of lenses before the aperture. 
In this way it is possible to give the rays of light which fall into the 
observer’s eye any path that may be necessary in order to unite them 
into a cine image upon the retina. 

Method of Examination.—The examination is conducted in a dark- 
ened room. The patient sits opposite the physician, and has on the 
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side of the eye to be investigated a lamp as a source of light. Then 
there are two different methods to be employed for seeing clearly the 
fundus of the eye. In order to make the explanation of them simpler, 
we first presuppose that both the patient and the physician have a normal 
refraction (emmetropia, see § 138). In the examination with the erect 
image (direct method), the physician places himself and his mirror 
directly in front of the eye that he is observing. If now he holds the 
mirror obliquely in such a manner that he throws the light of the 
lamp into the pupil of the observed eye, he will immediately get a clear 
view of the patient’s fundus. For (Fig. 2) a certain portion of the 
fundus of the eye, A, is illuminated bythe mirror, S S. The rays re- 
flected from any point, as a of this illuminated region of the retina, 
leave the eye in a parallel direction, pass through the central aperture 
of the mirror, and fall into the observer’s eye B. Here they are again 
united at a single point, 6, upon the retina of this eye, so that here 


Fig. 2.—OPHTHALMOSCOPIC EXAMINATION WITH THE EREcT IMAGE. 


The eyes are drawn of the natural size of an emmetropic eye having an axial length of 24 mm. 


there is produced a sharp image of the point a. Since the same pro- 
cess is repeated for all the other points of the illuminated region of 
the retina of the eye, A, a sharp image of this portion of the retina is 
formed in the eye of the observer. 

The examination with the inverted image, or by means of the in- 
direct method (Ruete), is conducted with the aid of a strong convex 
lens of about six cm. focus. This lens, Z (Fig. 3), is held at a distance 
of about six cm. from the eye (A) under examination. The fundus of 
this eye is now illuminated by means of the mirror S S. The rays 
reflected from the illuminated region, a, of the retina pass out in a par- 
allel direction, fall upon the lens and are united at the focus, f, of the 
latter. Thus there is formed at this spot an image of the point a. In 
like manner images from the other points of the illuminated region of 
the retina are produced in the focal plane of the lens, so that there is 
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formed here an inverted image of this portion of the fundus. The 
observer’s eye B, now through the aperture, 0, of the mirror examines 
this image at the ordinary reading distance (about thirty cm.), for 
which purpose a certain accommodative effort is required.* 

Each of these two methods has its advantages. The erect image 
is highly magnified—about fourteen times—as opposed to the inverted 
image, which is magnified but little (about four times). The direct 
method is therefore particularly adapted for the recognition of the 


Fic. 3.—OPHTHALMOSCOPIC EXAMINATION WITH THE INVERTED IMAGE. 


The illumination of the fundus is accomplished by means of the source of light, L, from which 
the cone of rays, k, falls upon the mirror, S S, and from this is thrown into the eye, A. In 
order not to confuse the representation, these rays are not shown, but only those which pass 
out of the eye, A, again. 


finer details. The indirect method, on the other hand, affords a larger 
field of view, and therefore gives a better general prospect. The indi- 
rect method gives a more luminous image, and hence, when the re- 
fracting media are turbid, will still render the fundus visible when it is 
no longer to be seen in the direct image. In most cases, both methods 
are applicable, and then it is advisable to conduct the examination 
with the aid of both. 

3. Application of the Ophthalmoscope.—Before examining the fun- 
dus we test the transparency of the refracting media by means of the 
ophthalmoscope. For this purpose light is thrown by the ophthal- 
moscope, held at the ordinary reading distance, into the eye under ex- 
amination. If the refracting media are perfectly clear, the pupil 
shines with a uniform red luster. If there are places in the refracting 
media that are opaque, such stand out upon the red background of the 
illuminated pupil as dark points or spots. For example, the rays 


[* It is better to obviate this strain upon the accommodation, and this can be 
readily done by interposing before the aperture of the mirror a convex lens of 3 
or 4 D.—D.] 
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which correspond to the opaque spot ¢ (Fig. 4) are cut off on their re- 
turn from the fundus, a, so that this spot is not illuminated and hence 
looks black. This is the case even when the opacities are actually, as 


Fig. 4.—VIsIBILITY OF OPACITIES IN THE MEpIA BY MEANS OF THE OPHTHALMOSCOPE. 


seen by light thrown directly upon them, light colored—that is, white 
or gray. So also even a piece of chalk looks black if it is held in front 
of a flame. 

The fundus itself in a normal eye appears as a red surface, the 
most striking feature of which is the shining entrance of the optic 
nerve (Fig. 5). The entrance of the optic nerve (papilla nervi optici) 
forms a disk, the color of which is a light, grayish or yellowish red. 
The center of the disk often shows a depression of lighter hue—the 
vascular funnel (Fig. 9)—out of which rise the central vessels of the 
optic nerve. If this depression is more extensive (and it may be large 
enough to reach in places to the edge of the papilla), 1t is called the 
physiological excavation (Fig. 5). The vessels springing from the 
papilla divide upon it and pass over its edge into the retina, in which 
they keep on branching after the fashion of a tree-trunk. They can 
readily be distinguished into arteries and veins. The former are of a 
brighter red, narrower, and run a straight course (Figs. 5 and 9, a a) ; 
the latter are darker, of greater caliber, and very crooked (Figs. 5 and 
9,v v). The red background on which the retinal vessels run is the 
chorioid, which, in consequence of the great abundance of its vessels, 
appears as a red surface, The retina itself, as it lies upon the chorioid, 
is, with the exception of its blood-vessels, invisible, because in its nor- 
mal condition it is perfectly transparent. It is only just at the site of 
the fovea centralis that a reflex derived from the surface of the retina 
is recognizable as a small bright spot (f, Fig. 5). 

Finally, the ophthalmoscope is also useful for making an objective 
determination of the refraction. This is effected by employing the 
erect image. In the example represented in Fig. 2 it was assumed 
that the patient was emmetropic. In this case, the rays pass out of the 
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eye parallel to each other, and can be united to form a sharp image by 
an observer without any strain upon the accommodation provided he 
is also emmetropic. Should, however, the eye under observation have 
an error of refraction, the rays would no longer be parallel as they pass 
out : in that case they would have to be made parallel by a lens placed 
before the eye. Thus the,rays proceeding from a myopic eye would 
be convergent, and it would require a concave lens to make. them paral- 
lel (Fig. 10); on the other hand, a hypermetropic eye renders divergent 
the rays proceeding from it and needs a convex lens to give them a 
parallel direction (Fig. 11). Accordingly, from the kind and strength 
of glass necessary for this purpose the examiner elicits the kind and 
degree of the refractive error. 


LUMINOSITY OF THE PupriL.—Under ordinary circumstances the pupil ap- 
pears black. This was formerly ascribed to the absorption by the dark back- 
ground of the eye of all the light entering the pupil from the outside. In 
reality, however, the cause of this phenomenon is as follows: If (Fig. 6) light 
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Fic. 5.—NorMAL FuNnDUs oF THE LEFT EyY£, SEEN IN THE ERECT IMAGE. 


The optic disk, which is somewhat oval longitudinally, has the point of entrance of the central 
vessels somewhat to the inner side of its center. That portion of the papilla lying to the 
inner side of the point of entrance of the vessels is of darker hue than the outer portion ; 
the latter shows, directly to the outside of the vascular entrance, a spot of lighter color, the 
physiological excavation with fine grayish stippling, representing the lacunee of the lamina 
cribosa. The papilla is surrounded, first by a light-colored ring, the scleral ring, and exter- 
nally to this by an irregular black stripe, the chorioida] ring, which is especially well mal ked 
on the temporal side. The central artery and vein divide immediately after their entrance 
into the eye into an ascending and descending branch, which appear somewhat lighter than 
their continuations upon the retina, because they lie in the depth of the physiological exca- 
vation. The branches, while still on the papilla, split into a number of smaller divisions and 
fine offshoots from them run from all directions toward the macula lutea, which itself is 
devoid of vessels, and is distinguished by its darker color. In its center a bright punctate 
reflex, f, is visible. 


from a source of light, Z, enters the eye, A, and the latter is accurately focused 
for the source of light, the rays coming from Z are united to form a sharp 
image upon the retina at 7. Z and / are called conjugate foci. For these the 
law holds good that they can be substituted for each other—that is, if the rays 
should start from the posterior focus, 7, they would come together again at the 
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anterior focus, Z. Accordingly, the rays reflected from the illuminated portion 
of the retina, 7, are returned to the source of light, Z, and could be seen by 
an observer only in case the latter was in identically the same spot as the 


Fic. 6.—PaTH OF THE RayS WHEN THE EKYE IS FOCUSED FOR THE SOURCE OF LIGHT. 


source of light. The solution of this problem is another of the ingenious dis- 
coveries of Helmholtz. 

The conditions are different when the eye is not focused for the source of 
light before it. Suppose, for example, that the eye is hypermetropic (Fig. 7). 
Then the rays springing from the illuminated portion of the retina, J, leave 
the eye as a divergent beam, so that only a part of the rays are returned to 
the source of light, Z, while another part passes to the side of the latter and 
can be seen by an observer stationed near it. Hence comes the striking lumi- 
nosity of the pupil in so-called amaurotic cat’s-eye (see § 100), in which a mark- 
edly hypermetropic condition of the refraction is produced by the pushing 
forward of the retina. In like manner, luminosity is frequently apparent in 
eyes which are deprived of their lens by the operation for cataract and are there- 
fore strongly hypermetropic. Moreover, the enlargement of the pupil, which is 
at the same time present, and which is due to the iridectomy, renders it still 
easier to observe the luminosity. The luminosity of the eyes of many beasts, 


Fic. 7.—EXPLANATION OF LUMINOSITY OF THE I{YE. 


The source of light, L, throws the conical beam of rays, k. into the eye. The further course of 
these rays is not shown in the figure, but only that of the rays reflected from the retina at l. 


especially the carnivora, is also in part to be ascribed to the hypermetropic 
character of their refraction, although here the presence of a strongly reflect- 
ing layer (the so-called tapetum) in the chorioid of these eyes contributes to 
this result. 

The luminosity of the pupils of albinos’ eyes is to be explained in a differ- 
ent way. In such eyes the light passes not only through the pupil, but also 
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through the unpigmented iris, and even through the sclera. Accordingly, in 
these eyes, not simply a limited district of the retina, but the whole fundus, 
is flooded with diffused light; and therefore rays from the different portions 
of the fundus pass out of the pupil in every direction and can very readily be 
caught up by the observer’s eye. That this explanation is the correct one is 
proved by the fact that the pupil of an albino’s eye looks black as soon as we 
hold before the eye a screen having an aperture that corresponds in size to the 
pupil. This shuts off from the eye any light which might enter it through 
other media than the pupil, and in this respect makes the eye of an albino 
like that of a normal person. 

In making an examination with the ophthalmoscope, the tyro will do well to 
dilate the pupil with cocaine or homatropine. Before doing so he must make 
sure that there is no reason to suspect glaucoma, in which case artificial dilata- 
tion of the pupil might have dangerous results, and therefore must not be em- 
ployed. Directions as to the technique of ophthalmoscopy must be reserved for 
a course of practical study. Whoever wishes to get more precise information 
than can be had from the following pages can use as a brief guide Dimmer’s 
The Ophthalmoscope and Ophthalmoscopic Diagnosis (1887); of ophthalmo- 
scopic atlases that by Jager is the best. 

In the ophthalmoscopic examination of the eye we invariably proceed by 
carefully investigating the eye by means of lateral illumination first, next test- 
ing the transparency of the refracting media with the ophthalmoscope, and not 
going on to the examination of the fundus itself until last of all. This last 
examination is best made first with the inverted, afterward with the erect 
image ; and in examining the latter the refraction can be determined at the 
same time. 

EXAMINATION OF THE REFRACTING Mepr1A.—For this purpose, when pro- 
nounced opacities are present, we make use of the concave mirror ; slight 
opacities, on the other hand, are discovered only by means of the mirror of 
feeble illumination (plane mirror). In examining, we must not neglect to 
make the eye move in different directions, in order, on the one hand, to obtain 
a view of laterally placed opacities, and, on the other hand, to stir up in this 
way opacities which have sunk to the bottom of the vitreous humor. Smaller 
opacities look black ; larger opacities appear gray or even white, since the 
light reflected from their surface is strong enough to shine out upon the vivid 
red background of the illuminated pupil. In order to recognize the site of the 
opacity, we decide, in the first place, whether the latter is movable or fixed. 
In the former case it can be situated only in the vitreous ; in the latter case— 
that is, if the opacity moves only with the eye, and not spontaneously—it is 
probably situated in the cornea or in the lens; but it may still be in the vitre- 
ous, since here too fixed opacities are sometimes observed. In many cases this 
can be decided by employing lateral illumination. If we can obtain no result 
in this way, we then, in order to determine the site of the opacity, make use of 
the parallactie displacement of the latter with reference to the margin of the 
pupil. This is accomplished in the following way : In the eye, A (Fig. 8), 
suppose four opaque points to be present, which lie at different depths, namely, 
in the cornea (1), upon the anterior capsule of the lens (2), at the posterior 
pole of the lens (3), and in the anterior part of the vitreous (4). For sim- 
plicity’s sake we assume that they are all disposed in the optical axis of the 
eye. Then, if the observer, B, looks into the eye from directly in front, he will 
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see each one of these points precisely in the center of the pupil, P. Suppose, 
now, that the observer’s eye passes from Bto B,. » The position of the points 
with relation to the pupil will be changed at once. Point 1 approximates to 
the upper border of the pupil P; ; point 2, which is situated in the pupil itself, 
keeps its place unchanged ; points 3 and 4 have approached the lower border 
of the pupil ; and 4, on account of its greater depth in the eye, more so than 3. 
From this example the following rule for the determination of the site of an 
opacity can be deduced : We look into the eye from directly in front and note 
the position of-the opacity in the pupil. Then, while the patient holds his eye 
fixed, we move slowly to one side and observe whether the opacity remains in 
the same spot or not. In the former case, the opacity lies in the pupillary 
plane (upon or directly beneath the anterior capsule of the lens) ; in the latter 
case, in front of or behind this plane—in front of it, if the opacity shifts its 
place with a movement opposed to that of the investigating eye ; behind it, if 
the opacity moves in the same sense as the eye. The more quickly this change 
of place occurs, the farther removed is the opacity from the pupillary plane. 


Fic. 8.—DIAGNOSIS OF THE SITE OF AN OPACITY FROM PARALLACTIC DISPLACEMENT, 


(Evidently we can also proceed by keeping our own eye still and telling the 
patient to move his. This way of examining has the disadvantage that, if the 
movement of the observed eye is rather extensive, a minute opacity, whose 
position has been marked, may disappear out of sight and then frequently is 
found again only with difficulty.) 

Dark, ill-defined shadows on the red background of the pupil, which change 
their position suddenly on moving the mirror, are to be referred to irregulari- 
ties of the refracting surfaces (most frequently to facetting of the cornea); the 
irregular astigmatism so caused further betrays itself by the fact that the image 
of the fundus appears irregularly distorted. 

NorMAu Funpvus Ocuut.—In making a systematic examination of the fundus 
we begin at the papilla. In order to bring the latter into view at once, we 
make the patient look, not straight in front of him, but a little inward (toward 
his nose). For the entrance of the optic nerve does not lie at the posterior pole 
of the eye, but on the nasal side of it, and hence is brought directly opposite 
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the observer only after a corresponding rotation of the eye inward. The shape 
of the papilla is circular or oval ; in the latter case generally an erect oval. Its 
size apparently varies quite a good deal, which, however, is due to the varying 
degree of enlargement under which the papilla is seen. For instance, the 
enlargement varies not only according as we examine with the inverted or the 
erect image, but also, although within smaller limits, it varies with the refrac- 
tion of the eye. The true sizefof the papilla, measured in enucleated eyes, is, 
as a matter of fact, almost always the same—that is, about 1:5 mm. in diame- 
ter. On account of this constancy we use the papilla for taking measurements 
in the fundus ; we say, for example, that a diseased area is 2 papilla-breadths 
in diameter. 

Circumscribing the papilla, we very often (especially in making the exami- 
nation with the erect image) recognize two rings distinct in color. The inner 
ring, lying next the border of the papilla, is white (Fig. 9 A between ¢ and d ; 
see also Fig. 5), and is called the scleral ring, because it owes its white color to 
the fact that the sclera is here exposed to view. It is present when the aper- 
ture in the chorioid, designed for the passage of the optic nerve, is larger than 
the corresponding aperture in the sclera, so that the latter membrane in the 
immediate neighborhood of the optic nerve (Fig. 9 B between ¢ and d) is no 
longer covered by the chorioid. At the edge of the aperture the chorioid is. 
often marked by a larger accumulation of pigment, by which the second, exte- 
rior ring is formed. This is apparent as a black, narrow, sometimes complete, 
sometimes incomplete, ring, which is designated as the chorioidal ring or pig- 
ment ring (Fig. 9, d, and Fig. 5, where it is particularly visible at the outer 
border of the papilla). 

The demarkation of the outline of the papilla, produced in this way, is gen- 
erally much less sharp on the nasal than on the temporal side; for at the 
nasal side a greater number of nerve-fibers pass over the margin of the papilla 
and thus obscure it. For the same reason the inner half of the papilla looks 
redder, the outer half paler, because the layer of nerve-fibers in the latter situ- 
ation being thinner allows the lamina cribrosa to show through more. 

The optic disk under normal conditions lies in the plane of the retina, and 
does not therefore form a projection upon it as the name papilla would lead 
one to suppose. On the contrary, it very frequently contains in its center a 
depression, which is produced by the fibers of the optic nerve separating from 
each other comparatively early and thus leaving a funnel-shaped space between 
them (Fig. 9 B, b). The central vessels ascend on the inner wall of the funnel. 
The color of the vascular funnel seems white to us because we see the white lamina 
cribrosa at its bottom. Often, instead of a small funnel-shaped depression, a 
large excavation (physiological excavation) is present. This is situated in the 
outer half of the papilla, to whose external border it often reaches. The blood- 
vessels come out upon the inner border of the excavation (Fig. 5), and at the 
bottom of the latter are seen grayish dots, the lacune of the lamina cribrosa. 
With the brilliant white of the excavated exterior half of the papilla the gray- 
ish-red hue of the unexcavated interior half is in vivid contrast. Sometimes 
the physiological excavation is so large that it takes in the larger part of the 
papilla, but it never takes in the whole; there is always a part (though it may 
be a small part) of the papilla that escapes it. By this circumstance the physio- 
logical is distinguished from the pathological excavation, which affects the 
entire papilla (total ¢xcavation). 
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The central vessels of the optic nerve divide at the head of the nerve into a 
number of larger and smaller branches. The arrangement of these latter is not 


Fic. 9.—HEAD OF THE Optic NERVE. 


A, OPHTHALMOSCOPIC ViEw.—Somewhat to the inner side of the center of the papilla the cen- 
tral artery rises from below, and to the temporal side of it rises the central vein. To the 
temporal side of the latter lies the small physiological excavation with the gray stippling of 
the laminacribrosa. The papilla is encircled by the light scleral ring (between c and @), and 
the dark chorioidal ring at d. 

B, LoneirupinaL SECTION THROUGH THE HEAD OF THE Opric NERVE.—Magnified 14x1. The 
trunk of the nerve up to the lamina cribrosa has a dark color because it consists of medul- 
lated nerve-fibers, n, which have been stained black by Weigert’s method, The clear inter- 
spaces, se, separating them, correspond to the septa composed of connective tissue. The 
nerve-trunk is enveloped by the sheath of pia mater, p, the arachnoid sheath, ar, and the 
sheath of dura mater, du. There is a free interspace remaining between the sheaths, con- 
sisting of the subdural space, sd, and the subarachnoid space, sa. Both spaces have a blind 
ending in the sclera ate. The sheath of dura mater passes into the external layers, sa, of 
the sclera, the sheath of pia mater into the internal layers, si, which latter extend as the 
lamina cribrosa transversely across the course of the optic nerve. The nerve is represented 
in front of the lamina as of light color, because here it consists of non-medullated and 
hence transparent nerve-fibers. The optic nerve spreads out upon the retina, r, in such a 
way that in its center there is produced a funnel-shaped depression, the vascular funnel, b, 
on whose inner wall the central artery, a, and the central vein. v, ascend. The chorioid, ch, 
shows a transverse section of its numerous blood-vessels, and toward the retina a dark line, 
the pigment epithelium ; next the margin of the foramen for the optic nerve and correspond- 
ing to the situation of the chorioidal ring the chorioid is more darkly pigmented. cz isa 
posterior short ciliary artery which reaches the chorioid through the sclera. Between the 
edge of the chorioid, d, and the margin of the head of the optic nerve, c, there is a narrow 
interspace in which the sclera lies exposed, and which corresponds to the scleral ring visible 
by the ophthalmoscope. 


always the same; most frequently it happens that two main branches run up- 
ward and two downward, while only small and short twigs pass to the outer 
and inner sides of the disk (Fig. 5). The region of the macula lutea is devoid 
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of larger vessels; the larger trunks, running to the outside above and below, 
encircle it and send finer branches in toward it. 

In the larger vessels we notice a shining white streak running along the 
center of the vessels. This streak, which is more distinctly visible in the arter- 
ies (Fig. 9 A, a a) than in the veins (v v), is called the reflex streak because it 
is due to the reflection of the light from the anterior surface of the column of 
blood (Jager). A pulsation is frequently observed in the vessels at the spot 
where they first come to view upon the papilla. A venous pulse is a physio- 
logical occurrence: in the same eye it is sometimes present, sometimes absent. 
In the latter case, slight pressure upon the eye with the finger suffices to pro- 
duce it. An arterial pulse is present under pathological conditions only. In 
order to produce it artificially in a healthy eye, no inconsiderable pressure must 
be exerted upon the eyeball. When this is done, the person under examination 
notices a simultaneous obscuration of the field of vision, amounting finally to 
complete abrogation of sight, as a result of the obstruction to the retinal circu- 
lation produced by the pressure. In like manner a rise in pressure produced 
by pathological conditions (glaucoma) causes an arterial pulsation. The ex- 
planation of this is as follows: As a result of the increased pressure in the 
interior of the eye, the blood is able to enter the vessels of the retina only dur- 
ing the systole of the heart; during the diastole, when the pressure in the arter- 
ies becomes somewhat lower, the latter are occluded by the intraocular press- 
ure. Such a disproportion between the intraocular pressure and the pressure 
of the blood in the central artery may also, of course, be produced by the fact 
that while the former remains normal, the latter is diminished. Accordingly, 
an arterial pulsation is observed in general anemia, chlorosis, Basedow’s dis- 
ease, aortic insufficiency, and also in local compression of the central artery 
within the optic nerve (e. g. in optic neuritis). 

Since in healthy living eyes the retina is transparent, we see no part of it 
with the ophthalmoscope except the blood-vessels. At most we find the red 
fundus in the immediate neighborhood of the papilla covered by a delicate 
gray veil which shows a radiating fine striation and which is the representative 
of the layer of nerve-fibers of the retina, which in this situation is still quite 
pronounced. In children vivid reflexes often exist which are especially pro- 
nounced along the vessels, change their place with every movement of the mir- 
ror, and give the retina a luster like that of watered silk. We must avoid 
regarding these as pathological opacities of the retina. The region of the 
retina that is most important for vision, the macula lutea, with the fovea cen- 
tralis, is just the part that has very few distinctive ophthalmoscopic features. 
We find it with the ophthalmoscope, if we go a distance of 14 to 2 diameters 
of the papilla outward from the outer border of the papilla. Here we come 
upon a region devoid of vessels which is somewhat darker than the rest of the 
fundus. Directly in its center, corresponding to the situation of the fovea cen- 
tralis, we see a bright point or a small, crescentic spot, caused by reflection of 
the light from the shelving wall of the retinal depression (Fig. 5, /). In the 
inverted image the macula lutea is represented by a fine white line which forms a 
horizontal oval of about the size of the papilla. The region inclosed by the line 
is colored a dark brownish red and sometimes has in its center a little bright 
dot. These appearances, too, are nothing more than reflexes produced by the 
light, and like the white spot in the erect image are not constantly present. 

The red background on which the appearances above described are visible 
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is made by the chorioid. This owes its red color to the blood circulating in the 
chorioidal vessels, and especially in the capillaries. That the individual ves- 
sels are not themselves recognized, that on the contrary the fundus appears 
uniformly red, is due to the fact that the pigment epithelium covers the chori- 
oid like a murky veil. A finely granular condition of the chorioid, such as is 
often perceived in the erect image, is caused by the cells of this pigment epi- 
thelium. Under certain circumstances, however, the vessels also of the ehori- 
oid are visible. We observe this chiefly under two conditions, viz. : 

(1.) In many eyes the interspaces between the chorioidal vessels (the so- 
called intervascular spaces) have an especially profuse pigmentation, so that 
they stand out as dark oblong islands; the bright-red strie running between 
them and anastomosing everywhere with each other, correspond to the chori- 
oidal vessels which are chiefly veins. Such a fundus is said to be tesselated 
(Fig. 68); it is often confounded with chorioiditis by beginners. 

(2.) In other eyes, on the contrary, it is the abnormally scanty pigmentation 
of the fundus that permits the vascular system of the chorioid to be seen; the 
epithelial layer, on account of the unduly small amount of pigment which it 
contains, allowing the chorioidal vessels to appear through it. This is in the 
greatest degree the case in albinos, who are entirely devoid of pigment. In 
these the whole network of chorioidal vessels down to the most delicate rami- 
fication stands out upon the pale-red background. 

The chorioidal vessels are always easy to distinguish from retinal vessels. 
The chorioidal vessels are broader, less sharply defined, and look flat and rib- 
bon like ; they lack the reflex streak. In opposition to the retinal vessels, 
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The eye is drawn of the natural size of a myopic eye having an axial length of 27 mm. 


which branch after the manner of a tree and do not anastomose, they form by 
their numerous anastomoses a dense network with oblong meshes. 
DETERMINATION OF THE REFRACTION.—The following example serves to 
explain how the refraction can be determined with the aid of the erect image : 
Suppose the eye to be examined (4, Fig. 10) to be myopic, with its far point at 
F’so that the rays coming from Fare united on the retina at f (see § 143). F 
and f are conjugate foci, and the course of the rays is therefore the same if they 
should proceed in the opposite direction—i. e., from f toward F’; in that case, 
they would be united at ¥, as they emerge from the eye. A point fof the 
retina, illuminated by the ophthalmoscope, will then emit a bundle of rays con- 
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verging at #’; and at this distance there is produced a clear image of the illu- 
minated fundus. The observer's eye, which is placed at a short distance (a few 
centimetres) from the eye A, would catch the rays emitted from the latter, 
before they were united at /—that is, while they still had a certain amount of 
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The eye is drawn of the natural size of a hypermetropic eye having an axial length of 21 mm. 


convergence. But the observer’s eye, unless it were hypermetropic, is not in a 
position to unite convergent rays intoa sharp image. If the eye is emmetropic, 
as we will assume it to be, the rays which fall upon it must first be made par- 
allel, which evidently is accomplished by a concave lens, Z. Now, how is this 
lens related to the degree of myopia of the eye under investigation ? If we im- 
agine the course of the rays reversed, then parallel rays coming from in front and 
falling upon the lens Z would be rendered by the latter so divergent that they 
would come to a focus upon the retina of the myopic eye ; the myopic eye 
accordingly would get sharp vision with this lens for parallel rays—that is, rays 
coming from an infinite distance. ZL would therefore be the correcting glass for 
the myopia of the eye, A. We can hence say this : In order that an emmetro- 
pic observer should see clearly the fundus of the myopic eye, A, he must use 
the same glass that will correct the myopia of this eye. If, therefore, an em- 
metropic observer has to determine the refraction of a myopic eye with the 
ophthalmoscope, he keeps placing concave glasses before it until he finds one 
with which he gets a sharp view of the fundus in the erect image ; the glass 
employed gives directly the degree of the myopia. The same principle holds 
good for hypermetropic eyes, only that convex instead of concave glasses are 
required. The rays emitted from the hypermetropic eye, A (Fig. 11), are 
divergent, and the more so the higher the hypermetropia is. The convex glass, 
L, which is required in a given case of hypermetropia in order to render par- 
allel the divergent rays emerging from the eye and thus make it possible for 
the emmetropic observer to perceive the fundus, is the same as that which ren- 
ders rays falling upon the eye in a parallel direction so convergent that they 
are united upon the retina, and is therefore the glass which corrects the hyper- 
metropia. Hence the degree of hypermetropia of the eye under examination is 
given immediately by the convex lens with which the emmetropic observer sees 
the fundus distinctly. 

How is it in those cases in which the physician himself is not emmetropic ? 
In that case he must simply correct in addition his own ametropia. If, for 
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instance, an emmetrope is examining an eye having a myopia of 2D, he needs 
for this purpose — 2D. If the observer himself should have a myopia of 3D, 
he would have to take in addition — 3D for himself ; hence he would employ 
a glass of —5D. If the observer were a hypermetrope of 1D, he would need 
+ 1D for the correction of his own ametropia ; this, in combination with the 
— 2D which are required for the eye under examination, gives a lens of —1 D. 
A similar procedure must be adopted in those frequently occurring cases in 
which the observer is indeed emmetropic, but can not completely relax his 
accommodation during the ophthalmoscopic examination. He is then to be 
regarded as a myope, inasmuch as he has to neutralize his residual accommo- 
dation by a corresponding concave glass. 

The determination of the refraction can evidently be conducted for every 
point by itself of the visible fundus. So we establish the degree of astigma- 
tism by making accurate adjustment first for the vertical, then for the horizon- 
tal vessels running over the papilla, and determining the refraction for both sep- 
arately. If a point in the fundus projects above its surroundings, as, for 
instance, the swollen papilla in neuritis, the axis of the eye corresponding to 
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this point is shorter—that is, there is a hypermetropia. By determining the 
degree of the hypermetropia we can compute the height of the prominence. 
Conversely, a point of the fundus which lies farther back (for example, the 
bottom of an excavation) possesses myopic refraction, from which the linear 
measure of the amount of depression can be found. As the basis of this com- 
putation the rule holds that a difference of level of about one millimetre cor- 
responds to a difference of refraction of 3 D. 

Differences of level of the fundus are also made apparent in the inverted im- 
age by parallactic displacement. We proceed for this purpose by moving the 
convex lens which serves for the production of the inverted image a little up 
and down during the examination. If the points of the fundus which we have 
fixed upon lie all in the same plane, they do not change their relative position 
to each other with the shifting of the convex lens. If, on the contrary, a dif- 
ference of level exists between them, we notice a displacement with relation to 
each other, so that they now come nearer together, now go farther apart. Fig. 
12 may elucidate what takes place. Let a be a point on the edge, } a point 


OBJECTIVE EXAMINATION OF THE EYES. 19 


behind it, on the bottom of an excavation of the optic nerve. If the convex 
ss stands at Fe a cee the two points a, and 0, fall behind each other 
and cover each other. the convex | i i 
the point @ is reproduced at az, that of any ee beeete ks 
‘ points appear to have sepa- 
rated from each other. Had the convex lens been carried in the opposite di- 
rection, the apparent displacement of the two points would have taken place 
in the opposite sense; it would: have looked as if the edge of the excavation 
had been drawn over the bottom of it. From the magnitude of the displace- 
ment the difference of level of the two points can be estimated, but can not be 
exactly computed, as is possible with the aid of the erect image. 

It is also possible to determine the refraction with the inverted image by the 
method of Schmidt-Rimpler. Finally, there is a method of determining the 
refraction, in which we do not require to see the fundus distinctly. This is the 
method of keratoscopy (also called pupilloscopy, retinoscopy, and skiascopy), 
discovered by Cuignet. This is in brief as follows: We place ourselves at a 
distance of rather more than one metre from the patient, and by means of a 
concave mirror throw light into the pupil, so that the latter is illuminated and 
appears red. If now the mirror is rotated slightly about its vertical axis, a 
black shadow appears at the edge of the pupil, and, if the mirror is rotated 
more strongly, spreads over the whole pupil until the latter is completely dark- 
ened. From the direction in which the shadow moves, we can determine the 
state of refraction of the eye under examination. In myopia of at least 1 D, 
the shadow moves in the same sense as the mirror; in hypermetropia and also 
in emmetropia, and in myopia of less than 1 D, it moves in the contrary sense. 
Suppose, for example, that we have before us a myope. As we turn the mirror 
from right to left, a shadow appears on the right margin of the pupil, and from 
there travels across to the left margin (left, that is, as seen by the observer), 
and therefore moves, like the mirror, from right to left. In order now to esti- 
mate the degree of the error of refraction, we place the appropriate glasses in a 
trial-frame set before the observed eye. With a myope we keep adding continu- 
ally stronger concave glasses until we come to a glass with which the course of 
the shadow is reversed—that is, the shadow moves in a direction contrary to that 
in which the mirror is rotated. This glass, plus 1 D, gives the degree of the 
myopia. With hypermetropes we keep adding convex glasses until the shadow 
is reversed and travels in the same direction as that in which the mirror ro- 
tates; this glass, less 1 D, corresponds to the degree of the hypermetropia. 

This method is of great simplicity; of all methods it is the easiest to learn 
and has the advantage that in it the refraction and accommodation of the ob- 
server do not need to be considered. Withal it gives as exact results as any 
one of the other methods. 


CHAPTER II. 
FUNCTIONAL TESTING. 


4. BESIDES instituting the objective examination, we have further 
to test the function of the eye In doing this we are limited almost 
entirely to the statements of the patient, so that in this respect we are 
quite dependent upon the latter’s intelligence and good-will. 

Our visual sensations are of three different kinds, inasmuch as in 
looking at objects we take cognizance of their form, their color, and 
their brightness. The faculty by which we recognize the form of ob- 
jects is called the space-sense, and finds its numerical expression in the 
visual acuity ; the faculty by which we distinguish colors constitutes 
the color-sense ; the faculty by which we distinguish different degrees 
of brightness constitutes the light-sense. These three faculties are 
resident in the retina throughout its entire extent, although in very 
different degrees. In this regard we must distinguish between central 
and peripheral vision. 

Central or direct vision is vision with the fovea centralis. When 
we wish to see an object distinctly, we “fix” it—that is, we turn the 
eye in such a way as to make the image of the object fall upon the 
fovea centralis, as the latter, on account of its peculiar anatomical 
structure, gives us the sharpest vision that we are capable of. It is 
with reference to central vision that we test the refraction, the accom- 
modation, and the visual acuity. For more precise particulars in re- 
gard to these tests, see the third part of this book, which treats of the 
optical defects of the eye. 

Peripheral or indirect vision is vision with those parts of the retina 
which do not belong to the fovea centralis. Since the fovea centralis 
never measures more than one half millimetre in diameter, the parts 
concerned in peripheral vision comprise by far the greatest part of the 
retina Vision with the peripheral portion of the retina affords a less 
distinct, a duller sensation, of which we can best get an idea by hold- 
ing the outspread fingers of our hand to one side of the eye, while the 
latter is looking straight ahead. he farther from the fovea centralis 
is the image produced upon the retina, the more indistinct is the sen- 
sation which it excites. 
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Of what use, then, is peripheral vision, if we can get no well-defined 
perceptions with it? We can best understand this by observing per- 
sons who have lost peripheral vision to such an extent that only the 
fovea centralis and its immediate vicinity retain their functional 
activity, as happens in many diseases, especially in retinitis pigmentosa. 
Such persons can sometimes still read the finest print, and yet are in 
no condition to go about alone. We can put ourselves in this condi- 
tion if we fasten in front of the eyes a long tube which allows us to see 
only the point lying directly in front of our line of vision. We can 
not go about with such an apparatus, because we strike against objects 
everywhere. Peripheral vision, therefore, is of service in orientation. 
How? If, as we are walking, we look straight before us and there is a 
stone lying in our path, the latter forms an image in the periphery of 
the retina of our eye, in this case in the upper part of it. The stone, 
to be sure, is not distinctly perceived, but still it excites our attention. 
Our gaze is then directed at it; it is seen directly; we recognize it as 
an obstacle, and avoid it. The same thing happens if we go out upon 
the street and men come toward us from one side, etc. The images 
falling upon the periphery of the retina give us warning signals which 
make us cast our eye directly upon the objects which excite the 
images. In this regard, it is of great advantage that it is just the 
peripheral portions of the retina that have a high degree of sensibility 
for the perception of movement (Exner), so that our attention is at- 
tracted most surely by moving objects. 

5. Examination of the Field of Vision—The examination of the 
field of vision—that is, of the limits of indirect vision—must be made 
for each eye separately. The eye examined is directed at a fixed point, 
in order that it may thus remain steadily in the same position, while 
the other eye is kept closed. 

The simplest way of investigating the extent of the field of vision 
is by using the hand as a test-object. The physician places himself 
directly in front of the patient and at a short distance from him; the 
patient fixes his gaze upon the eye of the physician, which is opposite 
to him. The physician now gradually moves his hand from the periph- 
ery inward over the limits of the field of view; the patient must tell as 
soon as he sees the hand. In this way the physician has in his own eye 
a means of judging the field of view of the patient; if this is normal, 
the patient must see the hand at the same time that the physician does 
with his eye.* This method is sufficiently exact for the recognition of 
the larger encroachments upon the visual field; but small defects can 
not be thus recognized. It is the only method of testing, applicable in 


[* This pfesupposes that the physician shuts the eye corresponding to that which 
he is examining (i.e., his own left eye, if he is examining the patient’s left eye), and 
holds his hand in a plane midway between the patient and himself.—D.] 
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those cases in which smaller test-objects are no longer made out, be- 
cause the vision is too poor. If the patient, is no longer in condition 
to see even the hand, we must make use of a candle-flame which we 
carry about through the field of vision. In this way, for instance, we 
test the visual field of a person who is blind from cataract. 

We can get at the field of vision more exactly by means of a dblack- 
board. We place the patient before this and take care that during the 
examination the distance between the eye and the board remains always 
the same (e. g., 30 cm.). Directly opposite the patient’s eye we make 
a mark on the blackboard with chalk, and direct him to fix his gaze on 
this mark during the examination. The chalk is now gradually brought 
from the edge of the blackboard to its center, and the patient is to tell 
at what moment he first sees it. By marking on the blackboard the 
limits of the visual field in every direction and connecting the points 
thus determined, we fix the extent of the field of vision. The size of 
he latter is, of course, in direct proportion to the distance from the eye, 
at which it is received. 

Even this method is not entirely free from drawbacks, which spring 
from the difficulty of projecting a hollow sphere upon a plane. The 
most important drawbacks are the following: Unequal distances in the 
field of vision correspond to equal distances on the retina. Thus, in 
Fig. 13, the distances ma and bc upon the retina are equal, each corre- 
sponding to an angle of ten degrees. In the field of vision projected 
on the board, 7’7, however, the section (from 70° to 80°) that corre- 
sponds to the second region of the retina is many times greater than 
that (from 0° to 10°) which corresponds to the first. Hence, a spot 
upon the retina of definite size that has become insensitive to light 
would in such a visual field appear as a gap, the size of which would be 
quite different according as it is nearer to or farther from the center, 
and thus mistakes might be caused. A second evil is that the whole 
of a normal visual field does not find a place on a plane, be the latter 
ever so large. The normal field of vision, that is, extends outward to 
90° and more. Therefore, as is evident from Fig. 13, the temporal 
limit of the visual field can never be projected on the board. 

After what has been said, therefore, there is only one exact method 
of representing the visual field, and that is the projection of it upon a 
hollow sphere (Aubert). Upon this principle different perimeters are 
constructed. To Forster belongs the credit of having introduced this 
instrument into ophthalmic practice. F%érster’s perimeter consists, not 
of a complete hemisphere, but of a metallic semicircle (Fig. 13, P) 
which represents, as it were, one meridian of the hemisphere. The 
semicircle is capable of being revolved so as to take the direction of 
each meridian in succession. The patient supports his head on a chin- 
rest which is so placed in front of the semicircle that the eye to be ex- 
amined is situated in the center of curvature of the latter. In the ex- 
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amination, the eye must be fixed upon the middle point of the semicir- 
cular arc, while the mark that serves for the test is carried to and fro 
along the latter. A scale of degrees marked upon the semicircular arc 
enables us to read off directly 
the situation of the boundary 
of the visual field, and the re- 
sult obtained is transferred to 
a diagram (Fig. 14). 

6. Extent of the Field of 
Vision.—The normal field of 
vision, as a glance at the ap- 
pended diagram (Fig. 14) 
shows, does not by any means 
extend equally far in all di- 
rections. It stretches farthest 
toward the external (tempo- 
ral) side, where it has an extent 
of over 90°. Accordingly, we 
can still see objects on the 
temporal side, although they 
le in, or even somewhat be- 
hind, a plane passing through 
the pupil (for example, the 
point O in Fig. 13). This is 


On a flat surface, 7 7, the field 


poral. 


These mark the anterior border of the sensitive por- 
, Since its projection, O, falls outside of the surface. 


semicircle of the perimeter, P, extends from 65° on the nasal side to 90° on 
e nasal side than on the tem 


Fie. 13.—PROJECTION OF THE VISUAL FIELD. 
points, e and d, of the retina. 
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ie 
rendered possible by the fact iS 3 
that the rays from such a : a) 
point undergo such strong re- S See 
fraction at the surface of the = Be 
cornea that they can still en- oe AS 
ter the pupil. The field of Sone 
vision is much less extensive Sule 
in other directions, especially ieee 
to the inside, and to the in- Ee 
side and below. The cause oree 
of this is to be sought for in See 
the fact that the nose and the ones 
eyebrows project into the field ae ‘ 4 
of view and limit it. This whe 5 
obstacle can indeed be par- gene 
tially overcome by making “S38 
suitable rotation of the head 3 


while the field of vision is 

being examined, but even then we never find the field of vision as 
extensive on the nasal side as it is on the temporal. The cause 
of this is that the margin of the percipient layers of the retina does 
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not extend as far forward on the temporal side as on the nasal (Fig. 
13, d and e). 

The pathological alterations of the visual field consist in its curtail- 
ment. This is either produced by a pushing in of the boundary of the 
visual field at some point, or it occurs under the form of gaps lying 
like islands inside of the field of vision. 

Narrowing of the visual field at the periphery presents varying 
characters. If the limits of the visual field are brought nearer to the 
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Fic. 14.—FieLp oF VISION OF THE RIGHT EYE FOR WHITE, BLUE, AND GREEN. 
(AFTER LANDOLT.) 


F, point of fixation ; M, Mariotte’s blind spot. 


center from all points alike we speak of a concentric contraction. 
When this is considerable, it results in that incapacity for orientation 
which has been already described, although it may be that direct vision 
(visual acuity in the narrower sense) is still quite good. In other cases, 
the contraction extends from one side only of the periphery into the 
visual field. If it has the shape of a triangle whose base corresponds 
to the periphery of the visual field, it is called a sector-shaped contrac- 
tion. A peculiar variety of contraction of the visual field is the hemi- 
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opic, in which exactly one half of the field is wanting (see § 101 and 
Figs. 87 and 88). 

Island-like gaps in the visual field are called scotomata.* One of 
these exists in the healthy eye at that point of the visual field which 
corresponds to the entrance of the optic nerve, and is known as Mari- 
otte’s blind spot (Fig. 14, #). In the field of vision it lies about 15° 
to the outside of the point of fixation, F. The scotomata which occur 
as the result of disease have a very different significance for vision ac- 
cording to their situation; and, according to the latter, we distinguish 
them into central and peripheral. A central scotoma is one which in- 
volves the point of fixation. In this-case direct vision is either greatly 
diminished or is abrogated altogether. The patient can no longer do 
any fine work, although his power of orientation remains intact. Periph- 
eral scotomata cause little disturbance of sight, especially if they lie 
far from the point of fixation, in which case they may not come to the 
patient’s knowledge until his visual field is being examined. A special 
variety of scotoma is the annular, which encircles the point of fixation 
like a ring (which is not always completely closed), but leaves intact 
the point of fixation itself. 


Von Graefe was the first to call attention to the importance of testing the vis- 
ual field in ophthalmic practice. He showed that for many intra-ocular diseases 
there are special varieties of contraction of the visual field, which are more or 
less characteristic of these diseases, and can be utilized for their diagnosis. 
Since then the study of the visual field has been much cultivated, so that at. 
present its examination has great significance, both for diagnosis and prognosis. 

Concentric contraction of the visual field, associated with retention of good 
central vision, we meet with especially in retinitis pigmentosa, and sometimes 
also in glaucoma. In other diseases which are frequently accompanied by con- 
centric contraction of the visual field, as, for instance, in atrophy of the optic 
nerve or of the retina, central vision is also simultaneously and markedly 
affected. 

We find the sector-shaped deficiencies especially in atrophy of the optic 
nerve; also in occlusion of one of the larger retinal arteries, when the sector- 
shaped district of the retina supplied by such an artery has its function abro- 
gated. We observe more extensive, although not triangular, contractions of the 
visual field in detachment of the retina, and these most often extending in an 
upward direction, since the detachment, if of long standing, generally involves. 
the lowermost part of the eye. In glaucoma a contraction of the visual field 
toward the nasal side is of relatively frequent occurrence. 

Scotomata are most frequently met with in diseases of the fundus with cir- 
cumscribed lesions; especially, therefore, in chorioiditis disseminata, in which, 
as a rule, the gaps in the visual field correspond to the separate macule visible 
with the ophthalmoscope. So long as these gaps affect the periphery only of 
the visual field, they cause little disturbance of sight. If they are very numer- 
ous, the visual field acquires a sieve-like character. If, finally, one of the cho- 


* From oxéros, darkness, 
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rioiditic masses is localized at the region of the chorioid corresponding to the 
yellow spot the visual power is very considerably depressed by the formation 
of a central scotoma in addition to those in the periphery. 

Isolated central scotomata occur in diseases of the chorioid at the posterior 
pole of the eye, especially as a result of syphilis and of myopia of a high de- 
gree. In the latter, moreover, hemorrhage into the macula lutea very often 
occurs with a central scotoma as a sequel. In this way many myopes lose their 
visual power, which hitherto has been sufficient for their needs, and become 
incapable of working. In all these cases there corresponds to the scotoma a 
change in the macula lutea, visible with the ophthalmoscope. In another series 
of cases, on the contrary, a central scotoma exists, while the result of the 
ophthalmoscopic examination is negative; the cause of the scotoma is then to 
be looked for in the optic nerve. In the latter it is just those fibers which sup- 
ply the region of the macula lutea that are the most favorite seat of disease 
{in retro-bulbar neuritis; see § 108). 

As the expression scotoma is used in different senses, it will require in this 
place a more precise explanation. We distinguish between positive and nega- 
tive scotomata (Forster). 

By a positive scotoma we understand a dark spot which the patient perceives 
in his visual field—projects, that is, upon some portion of his visual field. The 
cause of a positive scotoma lies either in the refracting media or in the retina. 
Opacities in the refracting media throw their shadow upon the retina, and are 
therefore visible as dark spots. If the opacities lie in the vitreous they are 
motile (musc@ volitantes), and the scotomata caused by them are characterized 
as motile scotomata. Fixed scotomata originate either from stationary opaci- 
ties (e. g., those in the lens), or, still more frequently, from changes in the 
fundus (e. g., from an exudation in the retina or in the chorioid adjacent to it). 
Scotomata of the latter kind are best brought to light by making the patient 
fix his gaze upon a uniformly bright surface (e. g., a sheet of white paper). 
They are often more readily perceived if the illumination is at the same time 
diminished (as by letting down the window curtains). We can direct the 
patient to make a copy of the dark spots that become visible upon the paper, 
and from this we can determine the position and extent of the diseased portions 
of the retina. 

We characterize as a negative scotoma a hiatus in the visual field, an isolated 
spot within the confines of which the patient does not perceive any external 
objects. Such a scotoma, accordingly, is not discovered as a rule until the 
visual field is examined. But there is nothing to prevent a negative scotoma 
from being at the same time a positive one too; the same diseased regions of 
the retina that are insensitive to external luminous impressions can at the same 
time be themselves perceived as dark spots and be projected exteriorily. 

Negative scotomata are divided into absolute and relative. An absolute sco- 
toma is present if within its limits all perception of light is wanting, while with 
relative scotomata the perception of light is merely diminished. We discover a 
relative scotoma by making the examination of the visual field with small ob- 
jects, and especially by choosing colored objects for this purpose. For with a 
certain diminution of the visual power the ability to distinguish colors accu- 
rately disappears, while the outlines of objects can still be recognized. For ex- 
ample, in a recent case of chronic poisoning by nicotine, the visual field, meas- 
ured with the aid of a white test-object, may seem quite normal; but if a small 
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red paper disk is chosen for the examination there is a small region in the 
center in which the disk is no longer recognized as red. A relative scotoma is 
present, and that, moreover, a color-scotoma (scotoma for red). 

Even in the normal visual field the perception of colors is not everywhere 
the same. Just as in regard to the visual acuity, so also in regard to the color- 
sense, a distinction must be made between central and peripheral color- 
perception. While the former is tested by the mere exhibition of colored 
samples, the latter must be investigated, just like the visual field, by using as 
test-objects colored marks, which are moved to and fro on the board or on the 
perimeter. By such examinations it has been proved that the most peripheral 
portions of the retina are color-blind. If a colored substance is pushed from 
the periphery of the visual field toward the center, the person examined at 
first recognizes only the presence of a moving object. It is not till the sub- 
stance approaches nearer the center of the visual field that its color is correctly 
given. The moment when this occurs is not the same for all colors, some 
being recognized further out from the center than others. The visual field 
for green is the smallest, that for red somewhat larger, that for blue the 
largest (see Fig. 14), while, as has been said, the extreme periphery of the 
visual field is quite color-blind. 

The examination of the visual field with colored objects is of great practical 
importance. For instance, we find in one case the visual field normal when 
tested with white, while the examination with colors shows already a consider- 
able introcession of its borders at one spot. After some time, if the disease has 
progressed, we now, on testing with white, establish the same deficiency in the 
visual field that had before existed for colored objects only. The examination 
with colors is accordingly a more delicate test than that with white; it makes us 
discover a diminution of the visual power before it has advanced so far that a 
white object can no longer be recognized. If, therefore, we take two cases in 
which the visual field for white is equally large, but the visual field for colors is 
unequal, that case in which the visual field for colors is smaller affords the 
worse prognosis, since here a still further diminution of the general visual field 
is to be expected. Rapid diminution of color perception is pre-eminently 
associated with the progressive lesions of the optic nerve that lead to blind- 
ness. The examination of the visual field with colors is also requisite for the 
recognition of central scotomata, so long as they are not absolute. 

Liaut-SENsE.—Let us assume that we have before us two persons who in 
ordinary daylight have the same visual acuity; both under equally good 
illumination read print of the same size at the same distance. We now gradu- 
ally lessen the illumination. As a result of this, the difference in brightness 
between the black letters and the white paper diminishes and the letters are dis- 
tinguished with greater and greater difficulty. At a certain stage in the process 
of obscuration, one of the two persons ceases to recognize the print while the 
other isstill able to read, and the darkening has to be carried further in order 
to make reading impossible for him. In this case we say: The two persons have 
the same space-sense, i. e., the same susceptibility of the retina for impressions 
of forms, but they have a different light-sense ()—i. e., a different suscepti- 
bility for impressions of brightness and of differences of brightness. 

The light-sense can be tested in various ways. We determine either the 
lowest limit of illumination with which an object is still visible (minimum 
stimulus) or the smallest difference in brightness which can still be appreciated 
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(minimum of differentiation). The most usual method of measuring the light- 
sense is with Forster's photometer, which gives the minimum stimulus. A box, A 
(Fig. 15), blackened on the inside, bears on its anterior wall two apertures for 
the two eyes, @ and a, which look through these apertures at a plate, 7’, which 
is placed upon the posterior wall, and upon which large black stripes upon a 
white ground are placed as test-objects. The illumination is produced by a 
normal candle,* Z, the light from which falls through a window, /, into the 
interior of the box. In order to make the illumination perfectly uniform, the 
window is covered with paper which is made translucent (by impregnating it 
with fat). By a screw, S, the size of the window can be altered from complete 
closure up to an aperture of five square centimetres. In this way the illumina- 
tion of the plate is varied. The patient is then made to look into the appa- 
ratus with the window closed and the plate therefore unillumined. Then the 
window is slowly opened until the stripes upon the plate can be recognized. 
The size of the opening requisite for this purpose gives a measure of the light- 
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Fie. 15.—PHOTOMETER OF FORSTER. 


sense of the person examined. In conducting this examination the precaution 
must be adopted of making the person that is examined stay beforehand in 
darkness. If we come from daylight into a moderately darkened room we see 
so little for the first moment that we can not move about without stumbling 
over the objects in the room. The longer we remain in the latter the better 
we see, and at last, perhaps, see well enough to be able to read. This we call 
adaptation of the retina, In the examination of the light-sense, a period of 
adaptation of ten minutes, which the patient must pass with bandaged eyes in 
a perfectly dark room, is sufficient for practical purposes. 

The examination of the light-sense in different diseases has shown that it is 
not always by any means diminished in proportion to the visual acuity, but is 
sometimes but little diminished, sometimes excessively so, a circumstance from 
which diagnostic points may be gathered. The diminution of the light-sense 
is greatest in those cases which are characterized as hemeralopia (see § 105). 

SIMULATION OF BLINDNEss.—In testing the function we shall at times have 
to reckon with the fact that the patient is purposely trying to lead the physician 
astray by simulating blindness or weakness of sight when these do not exist. 
This most frequently occurs with those persons who wish to be relieved of mil- 


[* I. e., one of one-candle power. D]. 
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itary service or who wish to get testimony as to their inability to work ; some- 
times also with children, hysterical persons, etc. We are first led to suspect 
simulation by the lack of agreement between the results of the functional test- 
ing and of the objective examination ; an eye, for example, which is alleged to 
be perfectly blind presenting no pathological changes of any sort. Or the 
tests of the individual functions give contradictory results, inasmuch as the 
visual acuity, the field of vision, the color-sense, etc., do not stand in the right 
relation with each other and with the result of the objective examination. 
Various methods of examination have been proposed for furnishing a certain 
proof of simulation; we shall accomplish this more or less readily by their aid 
according to the degree of skill of the simulant. Only some of these methods 
need be here adduced. 

Complete blindness of both éyes is rarely simulated; much oftener it is 
simply unilateral blindness that is alleged ; and still more frequently a feeble- 
ness of sight actually present in one eye is exaggerated (aggravation). In the 
case of an alleged complete blindness of one or both eyes we regard in the first 
place the reaction of the pupil to the hght. If this is well-preserved, it will 
always afford a strong ground for suspecting simulation, although there are 
rare cases in which in the presence of actual blindness the pupillary reflex for 
light is still retained. Schmidt-Rimpler recommends the following procedure: 
The patient is made to look with the blind eye at his own hand, which he holds 
in front of him. A blind man will do this without hesitation since he is 
informed of the position of his hand by the sense of feeling ; a malingerer will 
perhaps look purposely in the wrong direction. Simulated unilateral blindness 
can also be discovered in the following way: A lighted candle is brought in 
front of the good eye and is slowly carried toward the side of the blind eye. 
The patient is detected if he declares that he still sees the candle at the mo- 
ment when it is just concealed from the sound eye by the dorsum of the nose 
{Cuignet). 

The following methods are furthermore of service in detecting the simula- 
tion of unilateral blindness or amblyopia. 

1. We make the patient read, and then hold a pencil in a vertical direction 
between the eye and the book. If there is vision with only one eye the pencil 
conceals certain words from it, and thus interferes with reading. If, however, 
there is good vision with both eyes, those letters which are concealed from one 
eye by the pencil are visible to the other, and vice versa, and reading is carried 
on without difficulty (Cuignet). 

2. A convex glass of 6 D is placed before the sound eye. In this way the 
eye is made artificially myopic, so that its far point lies at a distance of about 
17 cm. (it being presupposed that the eye is emmetropic). The eye can there- 
fore read fine print .only at a distance of 17 cm. or less, but no further. After 
placing the glass before the eye we first make the patient read at quite a short 
distance, and then slowly and imperceptibly move the book farther and farther 
away. If it is possible in this way to withdraw the book considerably farther 
than 17 cm. without the patient’s ceasing to read, it proves that he has been 
reading with the eye alleged to be bad. That is, he began reading with the 
good eye and, when the book was carried too far off for that, continued with 
the other eye, without noticing the alternation in the employment of the two 
eyes. 

3. We make a show of occupying ourselves with the sound eye only. We 
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hold before the latter a prism in such a way that the refracting edge is horizon- 
tal and extends transversely across the middle of the pupil. In this case two 
images of every external object will be thrown upon the retina, one transmitted 
through the free half of the pupil, the other through the half covered by the 
prism, and the eye sees double the object upon which it is fixed (monocular 
diplopia)—a fact which the patient will admit without hesitation, since, of 
course, it is the sound eye only that is concerned in the matter. Now the 
prism is imperceptibly pushed along until it covers the entire pupil. Now the 
eye that is provided with the prism again has only one single retinal image, 
which, however, is thrown upon a higher or lower point of the retina than is 
the case in the other eye. If now there is still double vision (binocular diplo- 
pia), it is a proof that both eyes see. If we use the reading-test for this exam- 
ination and compel the person under examination to read sometimes the upper, 
sometimes the lower of the two double images, we can determine directly the 
visual acuity of each eye separately without the patient being aware of it 
(Alfred Graefe). 

4, Snellen has constructed a board with test-types which are alternately red 
and green. To read it, a pair of spectacles is put upon the patient, in which 
are introduced a red glass for one eye and a green glass for the other. Through 
the red glass the red letters alone, and not the green, can be seen, because 
green is the complementary color of red, and, therefore, green rays are not trans- 
mitted through red glass. For the same reason the red letters can not be 
perceived through the green glass.* If, therefore, any one who is blind in one 
eye looks through these spectacles at the test-types, he will read off only the 
red, or only the green letters, according as the red or the green glass of the spec- 
tacles is placed in front of the eye which alone can see. He will not once sus- 
pect that still other letters of a different color lie between the letters that he 
has read. Should the patient, on the other hand, read all the letters it proves 
that he sees with both eyes and in such a way as to recognize the red letters 
with one eye and the green with the other. 

For the tests for the motility of the eye and for binocular vision, see § 123. 


[* This test presupposes that the letters are placed upon a black ground. Red 
letters on a white ground become invisible when looked at through a red glass, 
since the latter, allowing only red rays to pass through it, excludes from the white 
ground surrounding the red letters all rays except those which the latter them- 
selves emit, and hence both ground and letters appear of the same color. Red let- 
ters on a black ground appear much lighter—indeed, almost white—when viewed 
through a red glass. D.] 
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CHAPTER I. 
DISEASES OF THE CONJUNCTIVA. 


ANATOMY. 


7. THE conjunctiva coats the posterior surface of the lids and the 
anterior surface of the eyeball. It forms a sac, the conjunctival sac, 
which is slit open anteriorly in a line corresponding with the palpebral 
fissure. In the conjunctiva we distinguish three divisions. That part 
of the conjunctiva which covers the posterior surface of the lids and 
which is closely adherent to the tarsus is called the conjunctiva tarsi ; 
that division which coats the anterior surface of the eyeball is the con- 
junctiva bulbi. The connection between the two is formed by the 
third division, which we name the transitional part of the conjunctiva 
(conjunctiva fornicis). That region where the conjunctiva is reflected 
from the lids to the eyeball and which forms the bottom of the con- 
junctival sac is called the fornix conjunctive. 

We get a view of the conjunctiva tarsi in the living eye by evert- 
ing the lids. It has a smooth surface and is intimately and immova- 
bly adherent to the subjacent tarsus (Fig. 16, ¢). (It is therefore im- 
possible to cover up losses of substance of the palpebral conjunctiva 
by performing an operation to draw the adjacent conjunctiva over 
them, as is often done with the conjunctiva bulbi.) On account of its 
thinness, the conjunctiva tarsi allows the Meibomian glands, which lie 
in the tarsus itself, to be seen through it clearly. 

The microscope shows that the palpebral conjunctiva is covered 
with a laminated cylindrical epithelium. ‘The mucous membrane 
proper is of adenoid character—that is, even in the healthy state it 
contains an abundant quantity of round cells (lymph-corpuscles), which 
notably increase in number with every inflammation of the conjunctiva. 
Of glands it possesses acinous mucous glands, which are found along 
the convex border of the tarsus (Fig. 16, w; Waldeyer); analogous 
glands (Krause’s glands) are also present in the fornix conjunctive. 
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The conjunctiva of the upper lid obtains its blood-supply from two 
arterial arches, the arcus tarseus superior (as, Fig. 16) and the arcus 
tarseus inferior (a1, Fig. 16). These lie upon the anterior surface of the 


Fic. 16.—PERPENDICULAR SECTION THROUGH THE UPPER LID. MAGNIFIED 5 x 1. 


The skin of the lid presents in the upper part, above a sulcus, the protecting fold, d; below, it 
covers the anterior edge of the lid, v. In the skin are found fine hairs, e, e, sweat-glands, a, 
cilia, c, c, c, and in the neighborhood of the latter Zeiss’s glands, z, and the modified sweat- 
glands, s. Beneath the skin lie the transversely-divided bundles of fibers of the orbicularis, 
o, 0, of which those placed most internally, r, 7, form the musculus ciliaris Riolani. The 
posterior surface of the lid is covered by conjunctiva which at the fold of transition. b, 
shows an adenoid character, but over the tarsus, t, shows papillae, especially where it cor- 
responds to the convex border, co, of the tarsus. The Meibomian glands, g, have their 
orifices, m, in front of the posterior edge, h, of the lid ; above them lie Waldeyer’s mucous 
glands, w, and still higher Miiller’s musculus palpebralis superior, p, and the levator palpe- 
bree superioris. /. From the latter the leash of fibers, /, passes to the skin of the lid. as is 
the arcus tarseus superior ; ai, the arcus tarseus inferior; from the latter the rami per- 
forantes, rp, run, at first straight downward, then backward, through the tarsus. 


tarsus, near its upper and its lower edges. To reach the conjunctiva, 
the branches of the arcus tarseus inferior (7p, Fig. 16) perforate the 
tarsus through its entire thickness from before backward, two to three 
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mm. above the free edge of the lid. The line along which the vessels 
come out from the tarsus is marked by a shallow furrow (sulcus sub- 
tarsalis) on the conjunctival surface of the lid. On the lower lid there 
is only one arterial arch. 

The conjunctiva of the region of transition is very readily brought 
to view in the lower lid by drawing the lid down while the eye looks 
up. In the upper lid, on the contrary, the fold of transition is hard 
to see, unless we make a double eversion of the lid. The region of 
transition is the loosest part of the conjunctiva, this being here so 
abundant that it lies in horizontal folds. This arrangement insures 
the eye its free power of movement. If the conjunctiva were to pass 
directly from the lid to the eye, as is sometimes observed in conse- 
quence of disease of the conjunctiva, every movement of the eyeball 
would be transmitted to the lids; and if one of the lids was held still 
with the finger, the eyeball would be hampered by it in its movements. 
But the conjunctiva is present in such quantity at the fornix that the 
eye is able to move in complete independence of the lids, the folds in 
the region of transition being smoothed out or crumpled together, as 
the case may be. Appearing through the lower fold of transition are 
the extensive subjacent plexus of veins and also the white glistening 
fascia. Its lax character and also its abundant blood-supply render the 
fold of transition particularly liable to great swelling in inflammations 
of the conjunctiva. 

The conjunctiva bulbi covers the anterior surface of the eyeball. It 
has no aperture corresponding to the cornea, but continues, even if 
with altered character, over the latter. This continuity of the conjunc- 
tiva makes it plain to us why morbid processes of the latter do not stop 
at the margin of the cornea but are continued upon the surface of the 
latter, as we see very clearly in trachoma and in conjunctivitis lym- 
phatica. The two divisions of the conjunctiva bulbi are distinguished as 
the conjunctiva scleree and conjunctiva corneew. The conjunctiva cor- 
ne is perfectly transparent, and is so intimately adherent to the cornea 
proper that it must be regarded as the uppermost layer of the latter, 
and is better treated of at the same time with the cornea itself (see 
§ 29). . 
The conjunctiva sclere covers the anterior segment of the sclera in 
the form of a thin pellicle. It is connected with the sclera by lax con- 
nective tissue (the episcleral tissue) so loosely that it can readily be 
moved about from side to side upon the sclera. It is only at the pe- 
riphery of the cornea where it ends in a sharp edge, the limbus * con- 
junctivee, that the conjunctiva sclere is intimately adherent to its sub- 
stratum. It is very thin and elastic and lets the white sclera be seen 
through it plainly, thus forming the “ white of the eye.” In old peo- 


* Limbus, edge. 
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ple there is a spot at the inner and the outer margins of the cornea, 
which contrasts by its yellow color with this whiteness. ‘This has the 
shape of a triangle with its base at the corneal margin, and projects a 
little above the rest of the conjunctiva. It is called the interpalpebral 
spot or the pinguecula,* and is produced by the fact that that part of 
the conjunctiva which, being included in the interpalpebral fissure, is 
constantly exposed to atmospheric influences, has undergone an altera- 
tion in its tissues. 

The conjunctiva sclere is covered with laminated pavement epithe- 
lium and contains no glands. At the inner angle of the eye it forms a 
crescentic duplication, the semilunar fold (plica semilunaris), which rep- 
resents an abortive remnant of the palpebra tertia of animals. ‘T’o the 
inside of the semilunar fold is a small, reddish, nipple-like prominence, 
the caruncle,+ which occupies the bottom of the horseshoe-shaped exca- 
vation at the angle of the eye (Fig. 24, (’). This is shown to be histo- 
logically a small island made of skin, containing sebaceous and sweat 
glands and having its surface covered with delicate light-colored 
hairs. 

The conjunctiva of the eyeball receives its blood-vessels chiefly 
from the vessels of the fold of transition—the posterior conjunctival 
vessels (Fig. 17, 0 and o,). Furthermore, the anterior ciliary vessels 
(Fig. 17, e and e,) take part in supplying the conjunctiva with blood. 
These vessels come from the four recti muscles (7, Fig. 17) and run 
under the conjunctiva (through which they are visible, shining with a 
bluish luster) until near the edge of the cornea, where they suddenly 
disappear, since they pass through the sclera into the interior of the 
eye. But, before this happens, they give off branches which end in 
vascular loops, in the limbus conjunctive directly at the margin of the 
cornea (marginal network of the cornea—gq, Fig. 17). This latter is 
of great importance for the cornea which is chiefly dependent upon it 
for its nutrition. Other branches of the ciliary vessels (anterior con- 
junctival vessels, py, Fig. 17) run backward in the conjunctiva toward 
the posterior conjunctival vessels and anastomose with them. 

We have, therefore, in the conjunctiva two vascular systems—that 
of the posterior conjunctival vessels and that of the anterior ciliary 
vessels. According as the one or the other system is overdistended 
with blood, the conjunctiva has a different aspect, which we designate 
respectively as conjunctival and as ciliary injection. 

Conjunctival injection presents to us a superficially disposed net- 
work of larger and smaller vessels, whose situation in the conjunctiva 
can be demonstrated by the fact of their being capable of displace- 
ment along with the conjunctiva. The color of the injection is a vivid 
scarlet or brick-red; the individual vascular meshes are plainly to be 


* Prngwis, fat. + Caruncula, dim. of caro, flesh. 
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recognized. ‘This injection is characteristic of diseases of the con- 
junctiva itself. 


Fie. 17.—BLoop-VESssELs OF THE Eyr (SCHEMATIC, AFTER LEBER). 


The retinal system of vessels is derived from the central artery, a, and the central vein, a,, of 
the optic nerve, which give off the retinal arteries, b, and the retinal veins, b,. These end at 
the ora serrata, Or. 

The system of ciliary vessels is fed by the posterior short ciliary arteries, c, c, the posterior long 
ciliary arteries, d, and the anterior ciliary arteries, e. From these arise the vascular net- 
work of the chorioidal capillaries, f, and of the ciliary body, g, and the cireulus arteriosus 
iridis najor,h. From this last spring the arteries of the iris. 7, which at the lesser [inner] 
circumference of the latter form the circulus arteriosus iridis minor, k. The veins of the 
iris, 7,, of the ciliary body, and of the chorioid are collected into the vasa vorticosa, J; those 
veins, however, that come from the ciliary muscle (m) leave the eye as anterior ciliary 
veins. e,;. With the latter Schlemm’s canal, n, forms anastomoses. 

The system of conjunctival vessels consists of the posterior conjunctival vessels, o and 0,. These 
communicate with those branches of the anterior ciliary vessels which run to meet them ; 
that is, with the anterior conjunctival vessels, p. and form with these the marginal loops of 
the cornea, g. O, optic nerve; S,its sheath ; Sc, sclera; A, chorioid ; NV, retina; L, lens ; 
H, cornea ; #, internal rectus; B, conjunctiva, 
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Ciliary injection occurs as a rose-red or pale-violet zone round the 
cornea (hence the designation peri- [circum-] corneal injection), in 
which we are unable to recognize clearly arly individual vessels. With 
injection of greater intensity we see, still farther removed from the 
cornea, a coarser network of vessels, which are to be recognized as 
deeply placed by their violet color and their hazy appearance; by the 
fact, moreover, that when the conjunctiva is displaced they do not 
move with it. Ciliary injection is most markedly distinguished from 
that of the conjunctiva by its violet hue as well as by the diffuse ap- 
pearance of the redness, due to the fact that the individual engorged 
vessels are recognized either indistinctly or not at all. Ciliary injection 
most frequently accompanies diseases of the cornea, and also of the iris 
and the ciliary body, parts which belong to the vascular district of the 
anterior ciliary vessels. On account of the numerous anastomoses be- 
tween the two vascular districts of the conjunctiva, we find both in- 
jected in every inflammation of any great violence in the anterior sec- 
tion of the eyeball ; it is, however, still generally possible to recognize, 
along with the superficial conjunctival injection, the ciliary injection, 
more deeply situated and directly surrounding the cornea. 


The conjunctiva of the tarsus is really perfectly smooth only in the young. 
In older persons we find it having a velvety surface on the upper lid toward the 
angles of the tarsus, and often also along the entire convex edge of the tarsus 
(Fig. 16, co). This condition of the conjunctiva we call papillary. In reality, 
however, it is not, properly speaking, papille which are here found in the 
conjunctiva, but fine folds into which the surface of the somewhat hypertro- 
phied conjunctiva has been thrown. In microscopic sections through regions 
of the conjunctiva, which have undergone this change, the transversely divided 
folds look like papillx, between which the epithelial lining dips down deeply. 
Should the sloping sides of two such folds lie very close to one another, the 
epithelial-lined depression between the folds can in cross-section give the im- 
pression of its being a glandular tube (2, Fig. 20). In this way is to be ex- 
plained the alleged new formation of tubular glands, which have been found in 
some cases of so-called papillary hypertrophy of the conjunctiva. Nevertheless, 
it is not to be denied that true tubular glands do exceptionally occur in the con- 
junctiva, both normal and diseased. These are called, after their discoverer, 
Henle’s glands (Fig. 21, @). 

With regard to the papillary character of the conjunctiva at the upper 
border and at the angles of the tarsus, it is a question whether this is ever to be 
considered as perfectly normal and not rather as a product of repeated hypers- 
mia of the conjunctiva. The same question must be put in regard to the ade- 
noid character of the conjunctiva, which is looked upon by many as also the 
residuum left by a previous inflammatory irritation. Since this mucous mem- 
brane is exposed more than any other to external influences, attacks of hyperee- 
mia of it occur often to every man in the course of his life, and these may 
result in permanent alteration of the membrane. The action of external injuries 
shows itself most plainly in forming the pinguecula. This corresponds pre- 
cisely to that region of the conjunctiva which is most exposed to wind, dust, 
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etc. This interpalpebral spot owes its name pinguecula to its yellow color, 
which was formerly referred to deposition of fat in the conjunctiva. What 
actually exists, however, is a thickening of the conjunctiva, chiefly as the result 
of an increase in the number and size of its elastic fibers. Associated with this 
is the formation of numerous concretions of a yellowish colloid substance, to 
which in fact the pinguecula owes its yellow color. Asa result of these changes, 
the conjunctiva in this place becomes less transparent, for which reason the 
pinguecula appears most prominent when the conjunctiva bulbi is markedly 
reddened, whether from injection or from extravasation of blood. In this case 
the pinguecula does not allow the red color of the blood to shine through as 
plainly as does the adjacent conjunctiva that is not thickened, and the former, 
therefore, stands out from the red substratum in the form of a light-colored 
triangle, so that by beginners it is easily confounded with a diphtheritic infil- 
tration of the conjunctiva, or, when the yellow color is pronounced, with a small 
pustule. 


I. CONJUNCTIVITIS CATARRHALIS. 


(a) Conjunctivitis Catarrhalis Acuta. 


8. Symptoms.—Acute conjunctival catarrh, in the lighter cases, 
chiefly affects the conjunctiva of the lids and of the region of transi- 
tion. The conjunctiva of the lids presents a vivid redness and is re- 
laxed. ‘The injection is usually reticulate—i. e., the separate vessels 
can still be distinguished as such; it is only when the injection is espe- 
cially dense that the conjunctiva acquires a uniformly red appearance. 
The surface of the conjunctiva is smooth ; catarrh is thus distinguished 
from some other forms of inflammation of the conjunctiva in which 
the latter is infiltrated and subsequently hypertrophied, as shown by 
the unevenness of its surface. The fold of transition (as well as the 
semilunar fold) is likewise greatly reddened and is somewhat swollen, 
while the conjunctiva bulbi shows little or no change. 

The severer are distinguished from the lighter cases by the fact 
that the process invades the conjunctiva bulbi. The redness and swell- 
ing of the palpebral conjunctiva are greater, and moderate oedema of 
the lids is often present at the same time. Very frequently we find 
in the midst of the reticulate injection red-colored spots—i. e., small 
hemorrhages, ecchymoses of the conjunctive 
small vessels. The severer cases, in which the conjunctiva is affected 
throughout its entire extent, are designated under the name of ophthal- 
mia cnegeholie, to distinguish them from the lighter forms, which are 
named conjunctivitis catarrhalis without quslidelt on: 

Inflammation of the conjunctiva is accompanied by increased secre- 
tion from the latter. The secretion of the conjunctiva appears under 
the form of flakes of mucus, swimming in the abundant lachrymal 
fluid. The more intense the inflammation the greater the secretion, 
and the more the character of the latter changes from mucous to puru- 
lent. Violent cases of ophthalmia catarrhalis, therefore, are in their 
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inception often hard to distinguish from an acute blennorrheea of light 
intensity, although, of course, the subsequent development of the case 
makes the diagnosis clear. The’secretion which exudes from the pal- 
pebral fissure dries at night upon the edges of the lids and glues them 
together. 

The subjective symptoms consist of copious lachrymation, photopho- 
bia, and itching and burning of the eyes. The intensity of the annoy- 
ance given depends naturally upon the degree of inflammation. Vio- 
lent pains, however, are but rarely present, and then, as a rule, are 
excited, not by the catarrh itself, but by its complications (especially 
ulcers of the cornea). <A very troublesome sensation that is frequently 
present is that of a foreign body being in the eye, caused by flakes and 
filaments of tough mucus in the conjunctival sac. If such filaments 
lie upon the cornea, they produce the disturbances of sight of which 
the patients sometimes complain. These are distinguished from visual 
disturbances of more serious character by the fact that clear vision is 
immediately restored by brushing the mucus off with the lids. It isa 
characteristic feature of catarrh that all its disagreeable characters are 
least pronounced in the morning, and afterward gradually increase 
until they reach their highest point in the evening. 

Course.—This is favorable in uncomplicated cases, the inflamma- 
tion disappearing spontaneously after from eight to fourteen days. 
Not infrequently, however, there remains a condition of chronic in- 
flammation (chronic conjunctival catarrh), which, to be sure, causes 
less annoyance than the acute stage, but which is yet protracted over 
a comparatively long time. In the majority of cases acute conjuncti- 
val catarrh attacks both eyes, either both simultaneously or one eye a 
few days after the other. 

The complications which are observed in catarrh are corneal ulcers 
and iritis. The development of corneal disease is manifested by an 
increase in the pain and photophobia. At first we recognize, in the 
neighborhood of the corneal margin, small gray points, which are ar- 
ranged in a row concentric with the corneal margin. On the days fol- 
lowing, these punctate infiltrations of the cornea become more numer- 
ous and at length confluent, so as to form a small gray crescent. By 
a process of superficial disintegration an excavation is produced, so 
that finally a crescentic ulcer is formed, situated very near the corneal 
margin and concentric with it. Such ulcers are characteristic of con- 
junctival catarrh and are hence called catarrhal ulcers. Ordinarily 
the ulcer becomes clean quickly and heals, leaving behind it a slight 
arcuate opacity; in cases, however, that are of especial intensity, per- 
foration of the cornea may occur. The existence of a corneal ulcer is 
frequently a cause of iritis—a contingency, indeed, which is observed in 
ulceration of the cornea of every sort; but a violent catarrh can also be 
complicated with iritis directly, without a corneal ulcer being present. 
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The complications above mentioned are observed only in severe 
cases—that is, only in ophthalmia catarrhalis. They very often owe 
their existence to faulty treatment of the catarrh. Among the laity, 
all sorts of household remedies are in use for inflammation of the eyes, 
such as the application of raw meat, or of bread soaked in milk, or of 
cooked onions, or a bathing with urine, etc. Such remedies are well 
adapted to increase the inflammation and produce complications. But 
even simple warm or cold compresses can have the same results. 

Etiology.—Atmospheric influences are the most frequent cause of 
catarrh. Mere refrigeration is not to be reckoned among these; on the 
contrary, we have to do with influences which are still unknown to us. 
Possibly there is a special contagium which is transmitted through the 
atmosphere. This noxious influence makes itself felt more at certain 
seasons than at others, so that catarrh of the conjunctiva occurs with 
especial frequency at these times. For instance, this is the case in the 
spring, when so many people are attacked by catarrhs of the air-pas- 
sages, by coryza, coughs, etc., and at the same time conjunctival catarrhs 
too are generally present in especially great number. At this time real 
epidemics of conjunctival catarrh occur, and under these circumstances 
it is the violent form (ophthalmia catarrhalis) which is prevalent. Dur- 
ing such an epidemic, contagion, effected by a transmission of the se- 
cretion from one individual to another, probably plays a part in spread- 
ing the disease. This can occur, especially among children belonging 
to one family, by the indiscriminate use of towels, handkerchiefs, etc. 
Hence, even though conjunctival catarrh is in general but slightly con- 
tagious, we must still, in violent cases with much secretion, pay atten- 
tion to this factor of contagion and strive to prevent it. 

Therapy.—By suitable treatment the duration of a conjunctival ca- 
tarrh can be considerably shortened and the development of a chronic 
catarrh prevented. The sovereign remedy in all the more intense cases 
of catarrh is the cauterization of the conjunctiva with nitrate of silver. 
This should come into contact with the conjunctiva only, and not with 
the cornea. In applying it, we evert the lids so that their conjunctival 
surface looks forward. The latter is then brushed over with a two-per- 
cent solution of silver nitrate and the excess of the solution is quickly 
washed off with lukewarm water or with a weak solution of salt. We 
now find the surface of the conjunctiva covered with a delicate bluish- 
white pellicle. This is the superficial slough which the solution has 
produced. The immediate result of this procedure, which is called 
touching the conjunctiva, is violent burning and marked irritation of 
the eye, an increase, in short, of all the inflammatory phenomena (stage 
of exacerbation). After this has lasted from a quarter to half an hour, 
according to the energy of our application, improvement gradually sets 
in. An examination of the eye at this time shows that the thin slough 
is separating and is being thrown off in the form of shreds. When this 


40 DISEASES OF THE EYE, 


is completed, we find the eye paler and the patient feels relieved and 
much less annoyed by his catarrh than was the case before the applica- 
tion of the brush (stage of remission). ‘his improvement lasts from 
half a day to a day, according to the intensity of the catarrh. Then 
the troubles gradually increase again (recrudescence). ‘This is a signal 
for repeating the application. As a rule, it is sufficient to make the 
application once a day, and best in the morning. 

Beginners must particularly avoid making the application too ener- 
getically. If this has been done, the pain that follows the application 
lasts uncommonly long (an hour), and we find that even after a pretty 
long time, indeed even on the following day, the slough is still adherent 
in places. This is a proof that the sloughing process has penetrated 
too deeply. If, in spite of this, we should repeat the application, we 
would produce a progressively deeper and deeper sloughing of the tis- 
sue, and increase the inflammation instead of curing it. We must 
omit the application, therefore, as long as the slough is still adherent 
to any part of the conjunctiva. 

Persons who are not able to visit the physician every day, can be 
allowed to instill the silver solution at home. Since by this method 
the remedy comes into contact with the cornea, we must choose a 
weaker solution (+ to $ per cent), which, of course, acts less energeti- 
cally upon the conjunctiva. This way of employing the silver solution 
is, therefore, resorted to only as a makeshift in those cases in which 
treatment by means of the brush is inapplicable from extrinsic reasons. 
When the inflammatory phenomena have in the main disappeared, the 
silver solution is exchanged for collyria that act less energetically, those 
namely that are employed in chronic catarrh, to which subject refer- 
ence must therefore be made for details (see § 9). 

In addition to our medicinal treatment of conjunctival catarrh, we 
must not forget to enjoin upon the patient general rules for taking 
care of himself; telling him to keep the eye clean by washing it with 
lukewarm water, and to avoid smoke, dust, and bad air in general, and 
recommending him instead to pass his time in the open air. He must 
also refrain from straining the eyes much, especially in the evening by 
artificial light. In consideration, too, of the possibility of the spread of 
the disease by contagion, of which there is always a chance, the patient 
must take care not to use the same wash-basin, towels, etc., with other 
people. 


Catarrhal conjunctivitis, also called conjunctivitis simplex, or by Stellwag 
syndesmitis* catarrhalis, is, like catarrh of the air-passages, reckoned among 
the so-called refrigeration diseases (diseases produced by cold). This etiologi- 
cal factor can, of course, really form the basis of the catarrh in individual in- 
stances; but in the great majority of cases it is highly probable that there is 


* From otvdecuos, a joining together. 
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an infection of the conjunctiva from without, the morbific matter being brought 
to the conjunctiva through the atmosphere. We would naturally be disposed 
to think of this virus as a micro-organism, and, as a matter of fact, a peculiar 
Bacillus has already been found in certain forms of acute catarrh (Weeks). 
Further investigations are required to clear up this matter. The dependence 
of conjunctival catarrh upon atmospheric influences is especially striking in that 
form which accompanies hay-fever. This affection, which is pretty frequent in 
certain countries, attacks individuals, who are predisposed to it, in the begin- 
ning of the summer, and makes itself apparent by fever and also by violent 
catarrhal inflammation of the conjunctiva and of the air-passages. While the 
infection which, in all probability, excites the catarrh of the conjunctiva comes 
to the latter from without in most cases, there are also instances in which a 
poisonous principle circulating in the blood causes the conjunctival inflamma- 
tion. This is the case in the conjunctival catarrh which accompanies measles, 
and indeed often forms the first prominent symptom of it. This form will 
receive more extended consideration under the head of conjunctivitis exanthe- 
matica (see ¢ 21). 

Is catarrh contagious? Those cases that are associated with considerable 
secretion are probably contagious ; and yet it must be admitted that attempts 
at artificial infection by transferring the secretion to a healthy conjunctiva are 
as a rule unsuccessful (Piringer), a fact of whose truth I have repeatedly assured 
myself. 

From the clinical picture of acute conjuactival catarrh, as sketched above, 
we sometimes find variations forming what are described as special varieties of 
catarrh. Among these variations belongs the development of so-called follicles, 
which will be described more precisely in § 10. Another variety of catarrh is 
vesicular catarrh, in which the conjunctiva of the tarsus is covered with numer- 
ous minute elevations, looking as if fine sand had been scattered over a moist 
glass plate (Arlt). This appearance is caused by minute vesicular bodies formed 
by the separation and elevation of the upper layer of epithelium by means of 
fluid. A third variety of catarrh is that which is given the name of the pustu- 
lar form. In this, flat elevations develop upon the conjunctiva bulbi, mostly 
near the margin of the cornea. These break down into pus on their surface, 
and in this way are formed grayish or yellowish ulcers with somewhat elevated 
base and of the size of a millet-seed or more. These have a great resemblance 
to the efflorescences occurring in conjunctivitis lymphatica (§ 18). The dis- 
tinction between the pustular form of catarrh and conjunctivitis lymphatica 
consists in the fact that in the former the phenomena of catarrhal inflammation 
are present in the conjunctiva of the lids and of the region of transition, while 
in conjunctivitis lymphatica these divisions of the conjunctiva take little or no 
part in the inflammation. Many regard this form as a mixture of conjunctivitis 
catarrhalis and conjunctivitis lymphatica. And, asa matter of fact, we must 
take this view into consideration in our treatment to this extent that in the 
beginning of the disease the application of the silver solution ordinarily proves 
to be the best thing, but later, after the more violent inflammatory phenomena 
have run their course, calomel is of the most service. 

The three varieties of catarrh just named are seen chiefly in children or in 
adolescents. They occur only as an exception in adults; in the latter, on the 
contrary, we encounter much more frequently the crescentic ulcers of the cornea 
that result from catarrh, which are but rarely observed in children, Several 
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crescentic ulcers may be present in the same eye at different parts of the cir- 
cumference of the cornea; nay, more, by their confluence, an annular ulcer may 
be formed, completely encircling the cornea. In the latter case the annular 
opacity which is left has a great resemblance to the arcus senilis cornez (see 
§ 29). In cases where such an annular ulcer has penetrated deeply, the very 
detrimental result of a permanent ectasia of the cornea has been observed. For 
the cornea, being very much thinned at its periphery as a result of the deep 
gutter running round it, gives way before the intra-ocular pressure and moves 
forward en masse. In this case the region of the cornea, inclosed by the annu- 
lar ulcer, lies like a watch-glass on top of the marginal portions of the cornea. 

Nitrate of silver, our most important remedy in catarrh, was first employed 
for inflammations of the conjunctiva by St. Yves in the last century, although 
it was in this century that it first found general acceptation. People had a 
natural dread of instilling so irritating a liquid as a nitrate of-silver solution 
into a violently inflamed eye. In fact, in a perfectly sound eye this solution 
excites violent irritation of the conjunctiva, and it is quite possible to produce 
an artificial catarrh by too frequent application of it. How then does it happen 
that the nitrate-of-silver solution has such a beneficent action in conjunctival 
catarrh ? The delicate bluish-white pellicle which covers the conjunctiva 
directly after the application is due to coagulation of the albumin of the cells 
in the upper layers of the epithelium by the nitrate of silver, so that these 
layers become opaque and die. The escharotic process acts like an irritant 
which increases the existing hyperemia. This not only gives rise to an increase 
of the annoyance suffered (exacerbation), but also induces an exudation under 
the eschar, so that the latter is loosened and finally cast off. We have now 
only to imagine that by this exudation the vessels are unloaded and the hyperz- 
mia consequently diminished. If micro-organisms should prove to be the cause 
of the catarrh, we might well bring forward a better explanation of the action 
of cauterization by saying that the micro-organisms contained in the upper 
layers of the epithelium have, together with the epithelial cells, been killed by 
the silver solution and have afterward been thrown off. 

The silver solution finds an extensive application not only in catarrh, but 
also in other affections of the conjunctiva. In regard to it the following hints 
may be laid to heart: (a) Many physicians apply weaker or stronger solutions 
according to the effect which is to be obtained, but we can always succeed with 
a 2-per-cent solution, since we have it in our power to regulate the effect by 
making a light or a penetrating application with the brush. (6) The apvlica- 
tion should not be made at night, because the secretion, which is poured out 
more abundantly after the application, would be retained in the conjunctival 
sac by the closure of the lids in sleep. For the same reason the eye ought not 
to be bandaged immediately after the application. (c) Corneal ulcers do not 
constitute a contra-indication for making the application; on the contrary, they 
furnish a direct indication for it, in case they prove to be catarrhal ulcers. Only 
still greater care than would otherwise be necessary must be taken to prevent 
the caustic from coming into contact with the cornea. (d) If the treatment of 
the conjunctiva with the silver solution is kept up too long (for some months or 
a year), there is produced little by little a dirty-gray coloration of the con- 
junctiva, which never afterward disappears. This phenomenon, called argyro- 
sis or argyria,* is caused by the fact that silver is deposited in the form of an 
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oxide or an albuminate in the tissues of the conjunctiva (in its elastic fibers), 
and can never afterward be removed. Argyrosis is produced even more readily 
by the constant instillation of the silver solution than by the application of 
the brush, since in the former case the excess of the solution is not removed 
by being washed off, but remains in the conjunctival sac. This coloration of 
the conjunctiva is also observed when the conjunctiva is constantly exposed to 
the action of silver dust, as occurs, for example, in many of those who work in 
silver. ’ 

In conjunctival catarrh, as well as in other affections of the conjunctiva, 
acetate of lead is also employed, partly as an astringent, partly as a mild caus- 
tic, and either under the form of a solution to be applied on compresses, by in- 
stillations, and by means of the brush, or under the form of an ointment. As 
long as the cornea is perfectly normal this remedy is without ill effect; but as 
soon as a loss of substance (ulcer) exists in the cornea, there is formed, if the 
use of the remedy is continued, an intensely white, very disfiguring opacity at 
the site of the ulcer. This lead incrustation, as it is called, is caused by the 
impregnation of the tissues of the cornea with the lead salt, and can be re- 
moved from the cornea with difficulty or not at all. For this reason it is best 
to employ the lead acetate as little as possible in the treatment of conjunctival 
diseases; the more so, because a sufficiency of other remedies is at our command, 
with which we can accomplish the same results without danger. 

Bandaging the eye in catarrh, as in all diseases of the eye accompanied with 
profuse secretion, is to be avoided as much as possible, since by it the free exit 
of the secretion is obstructed. 


(0) Conjunctivitis Catarrhalis Chronica. 


9. Symptoms.—In chronic conjunctival catarrh the changes object- 
ively perceptible are on the whole but slightly pronounced. A mod- 
erate degree of redness of the conjunctiva exists either over the tarsus 
alone or in the region of transition also. The conjunctiva is smooth 
and not swollen; it is only in old cases that hypertrophy with thick- 
ening and a velvety appearance of the conjunctiva is developed. The 
secretion is scanty and makes itself chiefly apparent by a gluing to- 
gether of the lids in the morning. The whitish foam, often found at 
the angles of the lids, is produced by the lachrymal fluid being beaten 
up with the secretion of the Meibomian gland into a sort of foamy 
emulsion, as a result of the frequent blinking of the lids. The con- 
stant moistening of the skin at this spot often leads to the formation 
of excoriations. In many cases the secretion, instead of being increased, 
seems even to be diminished. In view of the fact that there is little 
or no increase in the secretion, several authors call many of these cases 
not by the name of chronic catarrh, but by that of hyperemia of the 
conjunctiva. 

In proportion to the insignificance of the objective symptoms, the 
greater is the attention that has to be paid to the complaints made by 
the patient—in fact, the swSjective symptoms are generally so charac- 
teristic that the diagnosis of chronic conjunctival catarrh can easily be 
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made from them alone. The discomfort of the patient is usually greatest 
at night. The heaviness of the lids, scarcely noticeable in the daytime, 
becomes at night so marked that the patients have difficulty in keep- 
ing the eyes open; they have the feeling of being sleepy. A very an- 
noying sensation of there being a foreign body—like a speck of dust— 
in the eye, is produced by the scanty secretion which remains in the 
conjunctival sac in the form of mucous filaments, and if these fila- 
ments lie upon the cornea the sight is interfered with, or rainbow-colors 
make their appearance about a candle-flame when looked at. Further 
unpleasant sensations of various kinds are described, as, for example, 
that the eyes burn and itch; that they are dazzled by the light; that, 
moreover, they are tired out quickly by working; that they blink 
often, ete. In the morning the eyes are somewhat stuck together, or 
a little vellowish dried secretion is found to have collected in the inner 
angle of the eye. In other cases there exists an annoying sensation of 
dryness, and the eyes can be opened only with difficulty, the patient, at 
the same time, having the feeling as if the lids were stuck to the eye- 
ball because of the lack of moisture (catarrhus siccus). ‘These troubles, 
so various in their nature, do not always by any means bear any defi- 
nite relation to the objective condition. We see the conjunctiva quite 
intensely reddened in many people without their complaining in the 
least; while in others, who do nothing but annoy the physician with 
their expressions of discomfort, there are often scarcely any changes 
perceptible in the conjunctiva. 

Course.—Chronic conjunctival catarrh is one of the most frequent 
of ocular diseases, chiefly affecting adults, and especially persons some- 
what advanced in age. In old people it is almost the rule to find a 
light grade of chronic conjunctival catarrh, which is denominated senile 
catarrh. The duration of conjunctival catarrh is ordinarily a long one; 
many people suffer from it for a great part of their lives. The disease 
can lead to complications which in part produce irreparable changes. 
Among the most frequent complications is inflammation of the edges 
of the lids (dlepharitis), resulting from the frequent moistening of the 
palpebral margins by the copiously secreted tears. Asa further con- 
sequence of this wetting with the tears, the skin of the lower lid is 
attacked with eczema, or it becomes rigid and contracted, so that its 
free edge is no longer in perfect apposition with the eyeball. As a 
result of this the punctum lacrimale no longer dips into the lacus lac- 
rimalis, so that the transportation of the tears into the lachrymal sac is 
impeded, the epiphora increased, and thus again a still further injuri- 
ous reaction upon the character of the skin is produced. In this way 
there is formed a vicious circle, which leads to a constantly increasing 
depression of the lower lid (ectropion). This outcome is still further 
promoted by the circumstance that the patient keeps wiping away the 
overflowing tears, and thus makes stroking movements from aboye 
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downward, by which the lower lid is drawn down. If the contraction 
of the skin of the lids which have been moistened by the tears is more 
pronounced in the horizontal direction, blepharophimosis is developed. 
Lastly, small ulcerations of the cornea are among the frequent products 
of catarrh. 

Etiology.—The causes which lie at the foundation of chronic catarrh 
are—l. A preceding acute eatarrh, which, instead of healing com- 
pletely, passes into the chronic stage. 2. General injurious influences 
of various kinds. Chief among these is bad air, vitiated by smoke, 
dust, heat, the presence of many people, etc. Workers in factories 
where dust prevails largely, waiters in inns that are filled with smoke, 
etc., very frequently suffer from chronic conjunctival catarrh. Going 
late to bed, being up at night, and the immoderate use of alcoholic 
beverages, are additional predisposing factors. Persons who already 
suffer from chronic conjunctival catarrh find that the latter is made 
considerably worse after the action of any injurious influence of this 
sort—for example, after an evening spent at the theatre or in a smoky 
place. So also the constant action of wind and bad weather frequently 
causes catarrh in farmers, coachmen, etc. For the same reason, too, 
eyes which are very prominent (goggle-eyes), or whose lids are con- 
tracted (lagophthalmus), are attacked by catarrh, because they are too 
little protected against the air. The effect which constant contact 
with the air exerts upon the conjunctiva is best shown in ectropion, 
where the conjunctiva tarsi, as it lies bare, becomes very much red- 
dened and thickened, and velvety or even covered with large promi- 
nences. The conjunctiva bears continued exclusion from the air as 
little as it does constant contact with it, on which account chronic 
catarrh sets in when bandaging of the eye is kept up for a long time. 
3. Excessive straining of the eyes, especially in hypermetropic or astig- 
matic persons can result in chronic catarrh. 4. Local injurious influ- 
ences. Here belongs irritation of the conjunctiva by foreign bodies 
lodging in the conjunctival sac, among which, using the term foreign 
bodies in the wider sense of the word, are to be reckoned cilia which 
are turned in toward the eye. In most cases the local injurious in- 
fluence consists of some other disease of the eye, which induces 
catarrh as a sequela, as, for example, blepharitis or infarction of the 
Meibomian glands. Accumulation of the tears, as a result of blen- 
norrhea of the tear-sac, or because the punctum lacrimale does not 
dip properly into the lacus lacrimalis, is a frequent cause of catarrh, 
so that we should never forget to look for an affection of the tear- 
passages in unilateral catarrh. We say unilateral, for catarrh produced 
by local causes is distinguished from that due to general injurious in- 
fluences in this respect, that the former is very frequently unilateral, 
while in the latter, from the nature of the case, both eyes are generally 


affected. 
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Therapy.—lt is clear that treatment must first of all pay regard to 
the causal factor by regulating in a suitable way, as far as is compatible 
with the patient’s calling, the general conditions under which he lives, 
and by removing all local causes of catarrh that may be present, etc. 
For the treatment of the conjunctiva itself we first employ, as we do 
in acute catarrh, the nitrate of silver, which is used either for applica- 
tion by the brush (in 2-per-cent solution) or for instillation (in 4 to $ 
per cent solution). We make use of it in those cases only in which the 
catarrh is accompanied with rather abundant secretion and with re- 
laxation of the conjunctiva—that is, in periods of acute exacerbation, 
such as frequently occur in the course of every chronic catarrh and, 
furthermore, use it when hypertrophy of the conjunctiva has already 
set in. Otherwise we succeed better with astringent collyria, which 
the patient can himself instill. The most usually employed of these 
are: The collyrium astringens luteum * or tinctura opii crocata, which 
are not ordinarily prescribed undiluted, but mixed with an equal quan- 
tity of water; lapis divinus ¢ and sulphate of zinc, both in $ to 1 per 
cent solution ; also alum, tannin, boric acid, and other astringents. 

The order in which these collyria are here arranged about corre- 
sponds to their gradation in activity from the strongest to the mildest. 
They should be instilled once or twice a day, but not at night. So 
many of them are enumerated, because it is good to have a pretty 
large number to select from, since, if the catarrh is of long duration, 
a change will have to be made pretty often in the remedies. Every 
remedy, if too long applied, loses its activity, since the conjunctiva 
grows accustomed to it. For the sticking together of the lids, as well 
as for any excoriations that may be present, an ointment of white 
precipitate (4 to 1 per cent) may be rubbed upon the closed lids at night 
before going to bed. 


(c) Conjunctivitis Follicularis. 


10. Follicular catarrh is characterized by the presence of follicles. 
These are small round granules of about the size of a pin’s head, which 


* This collyrium, called also Horst’s eye-water, is at present no longer official 
in most countries; yet it is of the greatest service, and in many cases can be re- 
placed by no other. According to the new (seventh) edition of the Austrian Phar- 
macopoeia, which went into effeet on the Ist of January, 1890, it is to be prepared 
in the following way: 

Take of ammonium chloride 50 centigrammes and zine sulphate 125 centi- 
grammes, dissolve in 200 grammes of distilled water, and add a solution of 40 centi- 
grammes of camphor in 20 grammes of dilute alcohol, and 10 centigrammes of 
saffron. Digest for twenty-four hours with frequent agitation, and filter. 

Romershausen’s eye-water, which is also frequently employed in chronic oph- 
thalmic catarrh, consists of a mixture of aqua feeniculi and tinctura foeniculi. 

[+ Or aluminated copper; a preparation made by fusing together 32 parts each 
of copper sulphate, potassium nitrate, and alum, and adding a mixture of 2 parts 
each of camphor and alum.—D.] 
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lie in the region of transition of the conjunctiva. They are of a pale, 
translucent aspect and puff up the conjunctiva in the form of small 
eminences. Hither a few follicles only or many are present; in the 
latter case they are ordinarily arranged in rows like the pearls of a 
rosary. Microscopic examjnation shows that the follicles, as well as 
the so-called trachoma granules, consist of a circumscribed accumula- 
tion of adenoid tissue (Fig. 21, 7’). 

Follicles are most frequently observed in youth, and can accompany 
both acute and chronic catarrh. Their significance consists in the fact 
that, when follicles are present, the: malady is a protracted one. In 
chronic cases, the follicles remain stationary in the conjunctiva for a 
series of years. The follicles ultimately disappear without leaving a 
trace behind; the disease, therefore, in spite of its long duration, has a 
good prognosis, in that it is cured without leaving any sequela. In 
this particular, follicular catarrh is essentially distinguished from tra- 
choma which, in its external appearance, bears a great resemblance to 
it, but which, however, always leads to permanent changes in the con- 
junctiva. 

The etiology of follicular catarrh has not up to this time been 
established. By some contagion, by others miasm (vitiated air), has 
been assigned as a cause of the disease, without any certain proofs 
being brought for either one view or the other. The malady is found 
with especial frequency in schools, boarding establishments, etc., in 
which often many scholars are attacked by it at the same time. In 
many of these people the disease exists in an entirely latent way, as, in 
spite of there being a considerable number of follicles, the conjunctiva 
is not reddened and causes no sort of discomfort, so that the affection 
is first discovered by the physician’s examination. 

The treatment is the same as we are accustomed to employ against 
conjunctival catarrh in any case. By means of it the inflammatory 
symptoms on the part of the conjunctiva and along with them the 
annoyance suffered are relieved; but the follicles themselves generally 
remain obstinately stationary. In order to make them disappear, the 
best thing is to rub a lead ointment (acetate of lead 0-1-0-2 grammes, 
fatty matter 5 grammes) into the conjunctival sac. In doing this it 
must not be forgotten that the presence of corneal ulcers very strongly 
contra-indicates the use of a lead ointment. Cases in which the folli- 
cles exist without causing any annoyance are best left without any treat- 
ment. As in catarrh of all kinds, so especially in follicular catarrh, 
living in fresh, pure air is to be recommended. 


II. CongJuNCTIVITIS CrouPosa (sive MEMBRANACEA). 


11. Symptoms and Course.—In this disease the inflammation begins 
with the symptoms of a violent catarrhal ophthalmia, which, however, 
within a few days rise to a height which they are not accustomed to at- 
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tain in catarrh. There are cedema of the lids, great redness and swelling 
of the conjunctiva, especially of the folds of transition, and lastly abun- 
dant muco-purulent secretion. As soon as the inflammation has reached 
this point, there appears, either upon the conjunctiva tarsi alone or 
upon it and the fold of transition, a whitish-gray membrane, the crou- 
pous membrane, which is the characteristic feature of the disease. This 
adheres pretty closely to the surface of the conjunctiva, but still can 
usually be removed from it with a forceps. When this is done we find 
the conjunctiva beneath to be greatly reddened and swollen and in 
some places bleeding, but we notice no great losses of substance in it. 
This proves that the membrane has lain upon the surface of the con- 
junctiva only, but, in contra-distinction to diphtheria of the conjunc- 
tiva, has not penetrated into the depth of the tissue. After from one to 
two weeks the membrane gradually disappears; the eye now once more 
presents the condition of a simple intense catarrh, which, after from 
one to two weeks more, generally disappears of itself. The disease, 
therefore, as a rule, terminates in complete recovery. ‘The inflamma- 
tion is but seldom so intense that the conjunctiva bulbi likewise 
appears covered with the croupous membrane; in such cases corneal 
ulcers are observed as a complication. 

Croupous conjunctivitis appears in its essential character to be 
nothing but a particularly violent form of catarrh. In intense acute 
catarrhs we often see the profuse secretion clot on contact with the air, 
so that we can draw it out of the conjunctival sac in large cohering 
shreds. If the secretion is still richer in fibrin, and hence is still more 
disposed to coagulate, it clots at the very moment it reaches the sur- 
face of the mucous membrane; in this way the croupous membrane 
is produced. If this is removed, new secretion appears upon the sur- 
face, so that we find that the membrane is soon replaced. Microseopi- 
cal examination of the croupous membrane, in fact, proves that it 
consists of a fibrous meshwork of clotted fibrin, in which pus-corpuscles 
and a few epithelial cells from the conjunctiva are imbedded. 

Croupous conjunctivitis is a disease of childhood. Its causes are 
probably the same as those of acute catarrh of the conjunctiva. It has 
no etiological connection with croup of the larynx, with which it has 
nothing in common but its external phenomena, that is, the formation 
of superficial exudative membranes. 

Treatment.—As long as the conjunctiva is covered by a membrane 
we must refrain from any very energetic kind of treatment. Brushing 
the conjunctiva with a silver solution would only promote still more 
the formation of the membranes, and the removal of the latter also 
subserves no purpose, since they form again. In this stage, therefore, 
we confine ourselves to keeping the eye clean by washing it with an 
antiseptic liquid (for instance, a sublimate solution of 1 to 5,000). 
When, after complete separation of the membranes, the picture of a 
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simple intense catarrh is presented to us, we treat this latter according 
to the rules already given. 


There are some cases of croupous conjunctivitis in which the membranes 
persist for several months and are constantly reformed (Hulme, Arlt). More- 
over, membranes similar to those of croupous conjunctivitis occur occasionally 
in other affections of the conjunctiva. For instance, superficial exudative mem- 
branes are produced as a result of too strong or too frequent application of 
nitrate-of-silver solution to the conjunctiva. Membranes of this sort, also, are 
sometimes found in acute blennorrhea (especially in blennorrhcea neonatorum) 
and in pemphigus of the conjunctiva; and in the rarely occurring herpes iris 
conjunctive: these membranes are a characteristic symptom. 


III. ConsuNctTivitis BLENNORRHOICA ACUTA. 


12. Acute blennorrhea* is an acute inflammation of the conjunc- 
tiva, which originates in contagion from gonorrhceal virus, and whose 
copious purulent secretion is likewise con- 
tagious in its action. ‘The carriers of the 
contagium are micro-organisms, namely, 
the gonococci discovered by Neisser. They 
bear this name because they also occur in 
the secretion of gonorrhea. The gono- 
cocci are found both in the pus secreted 
by the conjunctiva and also in the most 
superficial layers of the conjunctiva it- 
self. They are mostly arranged in pairs, 
as diplococci, and as a rule lie together 
in heaps. Fig. 18 shows a specimen taken 
from the secretion of an acute blennor- 
rhea. In it are seen the heaps of gono- gas Uae ohare 
cocci partly free (a), partly upon and 
within the cells, which are either pus-cells (4) or cast-off epithelial 
cells (c¢). 

Acute blennorrheea occurs both in adults and in new-born infants 
—blennorrhcea adultorum and blennorrhcea neonatorum. 


(a) Blennorrhea Acuta Adultorum (Conjunctivitis Gonorrhoica). 


Symptoms and Course.—When infection has taken place, the disease 
breaks out after a certain period of incubation, the duration of which 
varies according to the intensity of the contagious action from a few 
hours up to three days. The lids grow red, become hot, and are 
swollen with cedema, generally to such an extent that the patient can 
no longer open them, and even the physician often has trouble in 
separating them far enough from each other to bring the cornea 


* From Baévva, mucus, and péw, I flow. 
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into view. The conjunctiva of the lids and of the region of transi- 
tion is intensely reddened and greatly swollen. The swelling, in 
distinction from that of catarrh, is produced by an abundant infiltra- 
tion of the conjunctiva with exudation, so that the conjunctiva is tense, 
and, instead of being smooth, is of a granular, uneven surface. The 
conjunctiva of the eyeball shows a like swelling which stops short 
at the corneal margin, so that a raised wall is thus formed about the 
more deeply placed cornea (chemosis). The secretion produced by the 
conjunctiva is like meat-juice—that is, it is a serum which is colored 
red by admixture with blood, and in which float some flakes of pus. 
The eye is uncommonly sensitive to contact, the lymphatic gland in 
front of the ear is swollen, the patient has slight fever. 

Ordinarily it takes from two to three days for the disease to mount 
from its initial point to the pitch just described, and at this pitch it is 
maintained for two or three days more. This period is designated as 
the first stage, or stage of infiltration. Succeeding this as a second 
stage is that of pyorrhewa. The swelling of the lids gradually dimin- 
ishes, a fact which we recognize principally by means of the return of 
the small wrinkles of the skin of the lids, and the tense infiltration of 
the conjunctiva slowly retrogrades. Simultaneously with this there be- 
gins a very profuse secretion of pus, which trickles out continually from 
the palpebral fissure; hence the name pyorrhcea, or flow of pus. In 
the further course of the disease the swelling of the conjunctiva keeps 
on constantly diminishing, the eye, in many cases, returning to the 
normal state within the next four or six weeks. In most cases, how- 
ever, a condition of chronic inflammation of the conjunctiva remains, 
which is designated as the third stage of the disease, the stage of 
chronic blennorrhea. In this period the lids are no longer swollen. 
The conjunctiva is reddened and thickened, especially upon the tarsus, 
where its surface looks uneven, granular, or velvety. The fold of tran- 
sition forms an ungainly swelling; the conjunctiva of the eyeball, 
which shows hyperemia only, is the least changed. 

The description here given corresponds to cases of most frequent 
occurrence, which are those of medium intensity. In addition, both 
light and also very severe cases of the disease come under observation 
which exbibit rather different features. In the light cases, which we 
are accustomed to call subacute blennorrhea, all the inflammatory 
changes are less, and the changes are limited chiefly to the conjunctiva 
of the lids. Such cases are frequently not to be distinguished with 
certainty by their external aspect from violent catarrh. The diagnosis 
can be rendered certain by the microscopic examination of the secre- 
tion, since by it the presence or absence of gonococci is demonstrated. 

In the severest cases, the infiltration of the conjunctiva is so great 
that the latter in places appears no longer red, but grayish-yellow, be- 
cause, as in diphtheritic disease of the conjunctiva, the vessels are com- 
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pressed by the bulky exudation, and the conjunctiva is thus rendered 
anemic. The conjunctiva forms about the cornea a tense grayish-red 
wall. Quite often the surface of the conjunctiva is found to be coy- 
ered with a clotted exudate like a croupous membrane. 

The most dreaded complication of acute blennorrhcea is the involve- 
ment of the cornea, by which, in many cases, incurable blindness is 
produced. At first the cornea becomes dull upon its surface and coy- 
ered with a slight diffused opacity. Then circumscribed infiltrations of 
grayish color make their appearance, which soon become yellow and 
break down into ulcers. These infiltrations may be situated at the 
margin of the cornea, and give rise to speedy perforation of the latter. 
This is a comparatively favorable result, as, after the perforation has 
taken place, the purulent infiltration of the cornea is not rarely brought 
to a standstill, and so a portion of the cornea is preserved. But it can 
also happen that the marginal infiltrations become rapidly confluent, 
and unite into a yellow ring surrounding the entire cornea (a so-called 
annular abscess). In that event the cornea is lost, for this ring soon 
spreads over the entire cornea and destroys it. In other cases the 
purulent disintegration occurs first in the middle layers of the cornea, 
after the manner of the typical abscess of the cornea (see § 37). A rare 
and peculiar form of involvement of the cornea occurs, in which the lat- 
ter melts away, as it were, like a piece of ice in the sun, until it has dis- 
appeared altogether, with the exception of a narrow portion of its rim. 
When, in one way or another, the cornea has gone either entirely or in 
part to destruction, cicatrices are formed with incarceration of the iris, 
or panophthalmitis itself may be produced. Since these sequelx are 
observed after every destruction of the cornea, even when due to other 
causes, they will find detailed description under the diseases of the 
cornea. 

Involvement of the cornea is so much the more to be expected, the 
severer the blennorrhoa, and, in particular, the more pronounced the 
participation of the conjunctiva bulbi in the inflammation. In the 
severest cases with tense chemosis the cornea is always affected, and is, 
as a general thing, irretrievably destroyed. In the cases of moderate 
severity, when the chemotiec swelling of the conjunctiva is less pro- 
nounced and especially is less hard, it is usually possible to preserve the 
cornea, either entirely or in great part, inasmuch as the ulcers that de- 
velop, even if they are attended with perforation, are of but small size. 
In the lightest cases, where the process is limited to the palpebral con- 
junctiva, there is, on the whole, little danger to the cornea. 

The severer the course of the inflammation, the earlier the involve- 
ment of the cornea sets in; in violent cases, the cornea is already 
clouded by the second or third day. Sometimes corneal ulcers are 
not developed until late in the disease, when the blennorrhea is 
already well on the retrograde path. These late affections of the 
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cornea are not very dangerous, and it is generally possible to check 
them readily. 

The prognosis of the disease results from what has been said, it 
being essentially founded upon the condition of the cornea. This is 
dependent upon the intensity of the inflammation of the conjunctiva 
bulbi, in accordance with which, therefore, the prognosis must be made. 

Etiology.—Acute blennorrhcea is produced simply and solely by 
infection. The poison can be introduced into the eye from the genitals 
directly, generally by an individual (whether man or woman) affected 
with gonorrheea, touching the eyes with unclean fingers after these 
have been in contact with the genitals. The infection, however, can 
also come from an eye affected with blennorrhea. If, for instance, 
one eye is already diseased and is affected with profuse suppuration, 
the other eye also can be infected by a transfer of the secretion to it. 
An individual with an eye diseased with blennorrheea can infect the 
persons who are nursing him or any others who may share his room, so 
that we sometimes see an entire family stricken with this baneful 
malady. 

Therapy.—By proper prophylaxis infection by acute blennorrhcea 
can be prevented, a matter to be so much the more considered because, 
when the disease has once broken out, an unfortunate result can not 
always be averted. It is the physician’s duty to call the attention of 
every man with gonorrhoea, and also of every woman with a vaginal 
discharge, to the danger of infecting the eyes, and to urge upon them 
strenuously the requisite cleanliness. If the eye is already attacked 
with acute blennorrhcea, care must be taken to keep the other eye 
from being infected by it and also to keep the disease from being 
transferred to persons in the vicinity. The protection of the second 
eye which has not as yet been involved in the disease is best effect- 
ed by a bandage which is applied in the following manner: The 
palpebral fissure is first closed by means of some narrow strips of 
sticking-plaster applied in a vertical direction. Then the hollow about 
the eye is filled up with cotton and the whole is covered by a flap of 
linen provided with adhesive plaster strips, which is carefully attached 
all round the margins of the orbit. In order to secure it better, the 
edges of the flap and the adjacent skin may further be coated with 
collodion. ‘To prevent the spread of the disease to those in the neigh- 
borhood of the patient, the greatest cleanliness must be inculeated both 
upon him and upon the persons attending to him; they must always 
cleanse the hands after touching the affected eye, and must remove, or, 
best of all, burn, all materials that have been used for cleansing the eye 
(pieces of linen, cotton, etc:). 

The treatment of the disease itself consists principally in a careful 
and frequently repeated cleansing of the eye from its profuse secretion. 
We may employ for this purpose weak antiseptic solutions (solution of 
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corrosive sublimate, 1-4,000, or of potassium permanganate). If the 
great swelling of the lids does not permit the palpebral fissure to be 
properly opened, and thus makes cleansing impossible, the palpebral 
fissure must be fully widened by a section made with the scissors at 
the external angle of the Ifds (canthoplasty; see § 169). This section 
has the further advantage of diminishing the pressure which the much- 
swollen lids exert upon the eyeball. 

In the first stage of the disease we combat the inflammation by 
iced compresses, and also’by the application of leeches (six to ten in 
number) to the temple. In the second stage brushing the conjunctiva 
with nitrate of silver is the best means for making the swelling of the 
conjunctiva and the profuse secretion rapidly disappear. The appli- 
cation of the brush must not, however, be begun until the tense swell- 
ing of the conjunctiva has given place to a soft, succulent condition ; 
there should no longer be any membranous deposit, any grayish infil- 
trated spots upon the conjunctiva. The application should be made 
with a two-per-cent solution, but quite freely, and must be repeated 
twice a day as long as the profuse secretion is still present. The pres- 
ence of ulcers of the cornea furnishes no contra-indication to the use of 
nitrate of silver. 

As soon as, in the third stage, the inflammatory symptoms and the 
secretion also have nearly disappeared and the thickening of the con- 
junctiva is the only thing that still remains to be removed, we exchange 
the silver solution for copper sulphate. This is applied by whittling a 
crystal of the substance down to a smooth, rounded extremity (copper 
pencil or blue-stone) and stroking with it once or more the conjunc- 
tiva of the everted lids. In this way we cauterize more energetically 
than with the silver solution, and thus more quickly accomplish our 
end; but this treatment is permissible only if the cornea is either quite 
sound or has ulcers already in process of cicatrization, and not if there 
are fresh ulcerations of the cornea, which are still coated with pus. 

The treatment of complications involving the cornea is conducted 
according to the rules ($§ 36, 38) for purulent keratitis (ulcer and 
abscess of the cornea). If very severe, all treatment proves powerless 
to preserve the cornea, so that we must confine ourselves to attempt- 
ing to avoid the more remote evil consequences of destruction of the 
cornea, like panophthalmitis or the formation of staphyloma, and to 
obtain a flat cicatrix. 


It is now established beyond doubt that acute blennorrheea is developed 
by the direct transfer of virulent pus to the conjunctiva. The earlier view, 
which explained the connection between gonorrhw@a and ophthalmia by looking 
upon the latter as a sort of metastasis of gonorrhea, has now no longer any 
adherents. Nevertheless, cases have been described recently (by Riccord, Roos- 
brock, Haltenhoff, Ruackert, Armaignac, and others), in which a conjunctival 
inflammation of a lighter kind is connected with a gonorrhea in the way of 
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metastasis, just as arthritis and iritis sometimes complicate a gonorrhea. This 
metastatic mode of origin is to be understood by supposing that the gonorrheal 
poison has got into the circulation, and is exciting inflammation in remote 
organs which have a predisposition for this poison. A conjunctivitis originat- 
ing in this way ought to show the characters, not of a blennorrhaa, but of a 
violent catarrhal conjunctivitis. In any case, we shall have to be uncommonly 
careful in making the diagnosis of such a metastatic gonorrhcal conjunctivitis, 
since light cases of conjunctivitis can also develop from direct infection with 
gonorrheeal secretion, in case the gonorrhceal poison has been weakened by va- 
rious circumstances. (See infra, the investigations of Piringer.) As a gonor- 
rheea of the urethra can by metastasis excite a conjunctivitis, so also conversely 
cases have been observed in which a gonorrheal arthritis has arisen by way of 
metastasis from a blennorrhaea of the conjunctiva (Deutschmann). 

The secretion containing gonococci is usually brought into the eye by means 
of dirty fingers. Sometimes, however, a direct transfer from the diseased mu- 
cous membrane to the sound one is observed ; for example, when a drop of secre- 
tion spurts into the eye of the physician or the attendent while cleansing geni- 
tals that are affected with gonorrhea, or even when cleansing the eye of a patient 
affected with blennorrhceea, For this reason the old method of cleansing blen- 
norrheeal eyes by means of a glass syringe has been given up in most ophthalmic 
clinics, as it endangers both the eye of the patient and the eyes of the corps of 
attendants. Furthermore, in the treatment of such patients, physicians and at- 
tendants ought always to use protective glasses (large, colorless coquille-glasses). 
If, in spite of this, any secretion does spurt into the eye, the latter must im- 
mediately be very thoroughly washed out; then a couple of drops of two-per- 
cent nitrate-of-silver solution instilled, and subsequently for some hours cold 
compresses placed upon the eye. 

Ihave seen a case in which a patient, because of a mild conjunctival catarrh, 
washed his eyes in his own urine (a popular remedy among the laity in many 
places); as he had gonorrhea, he acquired an acute blennorrhea. Acute blen- 
norrhcea, moreover, has been seen to originate from the use of another house- 
hold remedy—that is, from the practice of laying upon the eye a piece of pla- 
centa, which in this case came from a woman affected with gonorrhea. 

If one eye is already infected, the transfer to the other is often brought 
about by the secretion of the diseased eye flowing over the bridge of the nose 
into the sound eye during sleep. Furthermore, the secretion can be transferred 
from the eye affected with blennorrhcea to the sound one by the finger, the 
water used for washing, the sponge, the handkerchief, ete. For these reasons 
the sound eye should be bandaged. If there is ground for suspecting that in- 
fection has already taken place, we can endeavor to prevent the outbreak of the 
disease by instilling a two-per-cent solution of nitrate of silver before applying the 
bandage. In order that the patient may see with the bandaged eye, we can 
insert a watch-glass in an aperture which we make in the middle of the bandage. 

The transfer of blennorrheea from an eye affected with the latter to the eves 
of other people is likewise not rare. It occurs most frequently in children 
who are affected with blennorrhcea neonatorum, and thus infect their mothers, 
nurses, ete. In the Vienna Foundling Asylum, during the years 1812 and 1813, 
there were, for every hundred infants affected with blennorrhcea, more than 
fifteen nurses so affected, who had acquired their eye-disease from the in- 
fants. I have seen a whole family infected with blennorrhea by a child hav- 
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ing blennorrhea neonatorum, and thus plunged in the greatest misery. Great 
caution, therefore, and especially precise directions to the people, are here im- 
peratively required. 

We sometimes also observe acute blennorrhwa in small girls of the age of two 
to ten years, who at the same time are troubled with a vaginal discharge (Arlt). 
Here are we still dealing with contagion from a virulent vaginal catarrh; or is 
the vaginal discharge of these girls a benign catarrh caused by scrofula, anemia, 
and the like? In some of these cases it has been possible to prove the origin 
of the vaginal blennorrhea. The children have acquired the latter from their 
mothers or from other women about them, who were suffering from virulent 
vaginal catarrh, and had transmitted the latter by soiled clothes, sponges, 
baths, etc., to the children (Hirschberg). In other cases, the children had been 
raped by individuals affected with gonorrhea. Here, therefore, we are dealing 
with a pure vaginal gonorrheea in the children, and, accordingly, it is possible in 
such cases, too, to demonstrate the presence of the gonococcus both in the secre- 
tion of the vagina and in the conjunctiva as well (Widmark). But it would be 
going much too far to regard the vaginal discharge in little girls as pure gonor- 
rheea in all cases in which infection of the conjunctiva results from the dis- 
charge. It seems to me probable that even a non-virulent, simple catarrhal 
secretion of the vagina is in position to excite an inflammation of the conjunc- 
tiva, which in this instance runs a less severe course, and exhibits the character 
of a mild (subacute) blennorrhea. The distinction from a pure blennorrhcea 
could be made in this case only by the microscopical examination of the secre- 
tion for gonococci. 

The interesting researches of Piringer have instructed us in regard to the 
relation between the infective material and the ophthalmia produced by it, as 
he has made a great number of intentional transfers of virus (generally in the 
eyes of people already blind, who were paid for the experiment). He found 
that the period of incubation is of shorter duration in proportion, as the blennor- 
rhea which the inoculated material produces is more violent. The infective 
power of the secretion is weakened by various influences, as by dilution with 
water—by dilution to the one-hundredth part any secretion can be rendered 
inert—or by drying. Secretion that has been dried upon a piece of linen loses 
its activity after thirty-six hours. Preserved like vaccine, it remains infective 
for sixty hours. In proportion as the virulence of the infecting secretion is 
weakened, the period of incubation increases in length and the inflamma- 
tion excited grows milder. The differences that we observe in the grades of 
blennorrheea can therefore be referred to the fact that the source of infection 
supplies secretion of different degrees of virulence, and this virulence is, more- 
over, still further modified by the immediate circumstances attending the process 
of infection. That the lymphatic gland in front of the ear should swell up in 
acute blennorrheea is a fact that accords with the virulent character of the latter; 
sometimes even suppuration of this gland has been observed (bubo preeauricularis). 

The purulent inflammation of the cornea, which so often complicates the 
blennorrhcea, is to be referred to infection of the cornea by the secretion which 
constantly bathes the latter. Since the secretion collects most of all in the 
gutter lying at the rim of the cornea, between the latter and the steep slope of 
the chemotic conjunctiva, the purulent infiltration most frequently begins here, 
too. The dense infiltration existing in this chemotic wall of conjunctiva is to 
be regarded as a second factor in the production of corneal trouble. This leads 
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to obstruction of the circulation in the marginal loops of the cornea, and thus 
interferes with the nutrition of the latter. Hence, the more pronounced and the 
more tense the chemosis, the more confidently is an affection of the cornea to 
be anticipated. It is in harmony with this fact that, in cases where the chemo- 
sis is unequally great, we often see the involvement of the cornea take place 
first at that portion of the corneal rim where the chemosis is the greatest. Since 
infection of the cornea is certainly very greatly favored by the existence of gaps 
in the epithelium of the latter, we must avoid injuring the epithelium of the 
eye by carelessness in cleansing. 

If acute blennorrheea happens to affect an eye which is covered with pannus 
the latter will afford the cornea a secure protection against suppuration. Nay, 
more, it is often apparent, after the violence of the inflammation has passed, 
that the pannus has cleared up considerably, so that in cases of old pannus in- 
oculation with acute blennorrhea has been designedly performed. 

The fact that acute blennorrhea is produced by micro-organisms would 
lead us to expect that disinfectant substances would be the best remedies in the 
treatment of it. Nevertheless, it has been shown that nitrate of silver far sur- 
passes the disinfectants proper for this purpose. Only, we must avoid begin- 
ing too early with the application. In the first stage of the disease, some make 
use of scarifications of the chemotic conjunctiva in severe cases, and also of 
liberal doses of mercury both internally and in the form of inunctions of blue 
ointment ; from neither of these two remedies have I seen any special result. 
In using iced applications we must take care not to depress too greatly by the 
excessive employment of cold the already embarrassed circulation of the con- 
junctiva. 

(0) Blennorrhea Neonatorum. 


13. This disease is identical with the blennorrhcea of adults. More- 
over, it owes its origin to infection by secretion from genitals which 
are affected with virulent catarrh. The infection occurs as a rule dur- 
ing parturition. In the passage of the child’s head through the vagina, 
the eyelids are covered with the secretion of the latter, and this either 
penetrates immediately into the conjunctival sac through the palpebral 
fissure, or does so as soon as the child opens his eyes for the first time. 
Under these circumstances the disease breaks out as a rule on the sec- 
ond or third (rarely on the fourth or fifth) day after birth. In those 
cases in which the disease makes its appearance still later than this, 
the infection can not any longer be referred to the act of birth. It 
has then been brought about through subsequent infection by the 
vaginal secretion of the mother (as is readily possible, particularly if 
the child sleeps in bed with the mother), or the child has been in- 
fected by another child, as, for instance, not rarely happens in lying-in 
establishments and foundling asylums. 

The symptoms of the disease are the same as in the blennorrhea of 
adults, except that they are in general less severe. For even when 
there are great swelling of the lids and very profuse purulent discharge, 
the part which the bulbar conjunctiva takes in the process is relatively 
small, and we rarely find great chemosis. Hence also the danger of sup- 
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puration of the cornea is not so great. It does indeed occur, and that 
often enough too, but only in those cases which are treated badly or 
not at all. Ifa case comes under treatment in season—that is, while 
the cornea is still intact—the latter can almost to a certainty be main- 
tained in a healthy states Supposing this condition to be fulfilled, 
therefore, the prognosis can be stated as favorable. 

The treatment in the first stage consists in diligent cleansing of 
the eye; when suppuration commences we begin with the application 
of a two-per-cent nitrate-of-silver solution to the conjunctiva. In cases 
with profuse secretion this must be done twice a day. The application 
should be continued until the cure is complete, as otherwise it is easy 
for the process to recur to a moderate degree. A condition of chronic 
inflammation (chronic blennorrhea), remaining as a sequela, is much 
more rare in infants than in adults. 

In blennorrhea of the new-born, prophylaxis plays an even greater 
role than in the blennorrhcea of adults. There is perhaps no other 
disease in which the rigorous carrying out of prophylactic treatment 
would afford more gratifying results than in blennorrhoea of the new- 
born, which might in this way be made to disappear almost entirely. 
The principle which lies at the foundation of prophylaxis is the avoid- 
ance of infection during parturition. To this end the vagina should 
be cleansed as well as possible by antiseptic injections directly before 
parturition, a procedure which is also advisable on other grounds. As 
soon as the child is born, the lids while still closed are to be wiped off 
carefully with a clean piece of cloth. While the first bath is being 
given the child’s eyes should not be wet with the water of the bath. 
As soon as the child has been wrapped up after the bath, the eyes 
should again be cleansed with clean water and with a piece of cloth or 
cotton designed for this purpose expressly, and then a drop of two-per- 
cent silver solution dropped into each eye. By this procedure, which 
was devised by Credé, blennorrheea of the new-born can be avoided 
almost to a certainty. For protection against infection occurring after 
birth, whether from the mother or from other children, the ordinary 
precautionary rules hold good. 


Blennorrhea of the new-born belongs among the diseases of frequent 
occurrence. The majority of pregnant women have catarrh of the vagina with 
a mucous or purulent discharge. In the greater portion of these cases we have 
to do with a benign vaginal catarrh, in a smaller portion with a virulent catarrh 
(gonorrhea). In individual cases the distinction between benign and virulent 
is difficult or impossible, for which reason prephylactic treatment ought to be 
carried out in all cases. The frequency of ophthalmia among the children, 
before the introduction of prophylactic treatment, varied from one to twenty 
per cent in different lying-in establishments. Among these are comprised light 
and severe cases. In the former, ordinarily no gonococci are found in the 
secretion ; these cases are hence probably to be regarded as not blennorrheea 
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but as simple catarrh. Conjecturally these are the cases in which the mother 
had a benign catarrh of the vagina. Of the severe cases, those of blennorrheea 
proper, a certain number go blind on account of the failure to treat them in 
season, so that a very considerable number of cases of blindness are to be laid 
to the account of this disease. In the asylums for the blind of Germany and 
Austria, those who are rendered blind by blennorrhcea neonatorum form more 
than a third part of the whole number; on the whole, those who are rendered 
blind in this way certainly constitute more than the tenth part of all living 
blind persons. The number of the blind in Europe is reckoned at more than 
three hundred thousand. If blennorrhcea neonatorum were made to disappear 
from the causes of blindness by universally carrying out a prophylactic treatment, 
there would be in Europe alone at least thirty thousand fewer blind people. 

That prophylaxis, as introduced into practice by Credé, is actually efficient, 
is proved by the following data: Credé formerly had in the Leipsie Lying-in 
Asylum on an average in the whole number of new-born 10°8 per cent of cases of 
blennorrhcea neonatorum; after the introduction of his prophylactic method the 
number sank to 0°1 to 0°2 per cent. Others have similar favorable results to 
record. Unfortunately, up to the present time, the prophylaxis of blennorrhea 
has not been generally introduced by law; it has merely been brought into use 
in lying-in establishments and also in the private practice of many physicians, 
while the enormous majority of children come into the world without it. 

Disinfectant remedies like boric acid, salicylic acid, carbolic acid, corrosive 
sublimate, etc., have been employed for purposes of prophylaxis; but a two-per- 
cent solution of nitrate of silver has proved to be the most efficient of all. Its 
action is to be explained by the fact that it cauterizes the uppermost layers of 
the epithelium. By reason of this, those gonococci, which have already pene- 
trated into these layers, and not merely those which occur on the surface of the 
conjunctiva, are destroyed. 

Credé’s prophylactic treatment acts as a protection against infection during 
parturition only. Infection can, however, take place even earlier; children 
have been known to come into the world with a blennorrheea already fully 
developed—in fact, with the cornea already destroyed. Furthermore, against 
subsequent infection by the vaginal secretion of the mother, or by other chil- 
dren, other measures will have to be adopted, among which great cleanliness is 
to be assigned the first place. In foundling asylums, infants infected with 
blennorrheea should be isolated from the rest, as otherwise infection will fre- 
quently take place. Inthe Vienna Foundling Asylum, during the years 185466, 
no less than fourteen hundred and thirteen children were first attacked by 
blennorrhoea while in the asylum, and hence caught the infection in the latter. 


IV. ConsuNctTIivitis TRACHOMATOSA. 


14, Trachoma, hike acute blennorrhca, is an inflammation of the 
conjunctiva, which originates by infection, and produces an infectious, 
purulent secretion. It is distinguished from acute blennorrhwa prin- 
cipally by its chronic course, in which is developed a hypertrophy of 
the conjunctiva, that forms the most characteristic symptom of tracho- 
ma. from the roughness of the conjunctiva, caused by this hyper- 
trophy, the disease has in fact received its name.* 


* Trachoma, from tpaxvs, rough. 
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Symptoms.—The patients complain of sensitiveness to light, of lach- 
rymation, and of sticking together of the lids; pain and visual disturb- 
ances are also often present. The examination of the eye shows that 
the latter is less widely opened, partly because of photophobia, partly 
because the heavy upper lid hangs lower down. After everting the 
lids, we see the conjunctiva of the tarsus and also that of the fold of 
transition reddened and thickened; its surface at the same time has 
become uneven to a varying degree. These changes are to be referred 
to a hypertrophy of the mucous membrane, which occurs under two 
different forms. 

The first form consists in the development of the so-called papille. 
These are elevations newly formed on the surface of the conjunctiva 
which consequently appears velvety, or, if the papillz are large, ap- 


Fic, 19.—ScHEMATIC SECTION THROUGH THE LIDS AND EYEBALL (4, IN RECENT, B, IN OLD 
TRACHOMA). 


A shows the way in which the two forms of hypertrophy of the conjunctiva are distributed 
among the separate divisions of the latter; B, the stage of sequele of trachoma; s, 5), 
eyebrows; 0, 0,, furrow between the brow and the lid (sulcus orbito-palpebraris) ; d, d,, 
covering fold ; ¢, cilia in their proper position ; ¢,, cilia turned toward the cornea ; 7, free 
berder of the lid, with the borders of the upper and lower lids running parallel and the 
posterior margins of the lids acute ; r;, free border of the lid, looking backward, and with 
its posterior margin rounded; f, tarsus thickened by infiltration and covered with the 
velvety conjunctiva tarsi; /,, tarsus thinned (atrophic), bent at an angle near its free ex- 
tremity, and covered with smooth epithelium ; f, fornix with numerous trachoma granula- 
tions, T, in the folds of the conjunctiva ; f;. fornix smooth, without folds (symblepharon 
posterius) ; p, thick pannus covering the upper half of the cornea; p,, a pannus that has 
undergone contraction, extending over the whole cornea. 


pears studded with coarse granules, with small nodules, or even with 
raspberry-like projections. There is now no thickening of the con- 
junctiva, the subjacent Meibomian glands being visible through the 
latter. This kind of hypertrophy, which is called the papillary form, 
is found exclusively in the tarsal conjunctiva (Fig. 19 A). It is always 
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most clearly pronounced on the upper lid, which, therefore, must be 
everted in making the diagnosis of the trachoma. 

The second form of hypertrophy is characterized by the presence of 
the trachoma granules. ‘These are gray or yellow, translucent, roundish 
bodies, which push up the most superficial layers of the conjunctiva in 
the form of a hemisphere, and are visible through the conjanctiva. On 
aecount of their translucent, seemingly gelatinous character, they have 
been likened to the eggs of frog-spawn or to grains of boiled sago. ‘They 
are found principally in the folds of transition (f, Fig. 19 4), in which 
they are imbedded in such numbers that, when the lower lid is drawn 
down, the fold projects as a thick, rigid swelling, at the summit of which 
we sometimes see the granules arranged in rows like a string of pearls. 
In the conjunctiva tarsi the trachoma granules are less readily visible. 
They are smaller in this situation, and can not push the conjunctiva 
up because the latter is very closely adherent to the tarsus. Here, 
therefore, they generally appear as small, bright-yellowish points, which 
are situated deeply in the mucous membrane; quite often, though, 
they are hidden from sight altogether by the development of the pa- 
pille. More rarely trachoma granules are found in the semilunar fold 
as well as in other parts of the conjunctiva of the eyeball. This 
variety of proliferation of the conjunctiva is called the granular form. 

The two forms of proliferation of the conjunctiva sometimes occur 
separately. In the great majority of cases, however, both are found at 
the same time in the same eye, and so distributed that in the conjunc- 
tiva of the lids the most prominent feature is the proliferation of pa- 
pille, in the fold of transition it is the formation of trachoma granules 
(Fig. 19 A). The conjunctiva of the eyeball is, in light cases, un- 
altered, but when the irritation is more intense shows a coarsely reticu- 
late injection. The conjunctiva discharges a purulent secretion, the 
quantity of which is more abundant in the fresh cases and those at- 
tended with marked symptoms of irritation. In older cases, on the 
contrary, and in those which run a more sluggish course, it is very 
scanty. 

The disturbance of sight, of which many patients complain, is 
founded upon a complication affecting the cornea, and appearing under 
two different forms, pannus and ulceration, which very frequently occur 
together. 

Pannus* trachomatosus consists in the deposition upon the surface 
of the cornea of a newly formed, brawny, vascular tissue, which pushes 
its way from the edge toward the center of the cornea. At the spot 
where the pannus is located, the surface of the cornea is uneven and 
studded with fine projections, and there is a gray, translucent, super- 
ficially situated cloudy mass, which is traversed by numerous vessels. 


* Pannus, a cloth, 
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The latter spring from the vessels of the conjunctiva, which pass 
over the limbus and out upon the cornea, and, after arriving within 
the pannus, branch in an arborescent fashion. The pannus ordi- 
narily begins its development at the upper margin of the cornea, and 
cover first the upper half of the latter (p, Fig. 19 A). Quite often 
it terminates below in a sharp, straight, horizontal border. After- 
ward pannus develops at other portions of the corneal margin, until at 
length the entire cornoa is covered by it. When pannus is pretty fully 
developed, the iris likewise participates in the inflammation (iritis). 
Disturbance of vision sets in as soon as the pannus has advanced into 
the pupillary area of the cornea—that is, in that region of the latter 
which lies directly opposite the pupil. If this region is entirely coy- 
ered by pannus, vision is reduced until it is limited to the recognition 
of large objects, or even to the mere ability to distinguish between 
light and darkness (quantitative vision). 

The ulcers of the cornea either develop at a spot that is otherwise 
normal, or they occur in connection with pannus. In the latter case 
they are found principally at the free border of the pannus, more rarely 
within the latter. Since their character agrees with that of ulcers of 
the cornea generally, a more detailed account of them will be given 
under the latter head (§§ 34 et seq). 

Course.—This is of the following character: The hypertrophy of 
the conjunctiva gradually increases, growing steadily greater, until it 
has reached a certain height which is not the same in all cases. Then 
it disappears again, step by step, while a cicatricial state of the con- 
junctiva with contraction takes its place. In this way the trachoma 
is cured in the sense that the specific morbid process has come to an 
end. Nevertheless, the conjunctiva has not become normal again by 
any means; on the contrary, it bears upon it lasting marks of the 
disease that has past, namely, the signs of a cicatricial contraction 
which, in many instances entails other, additional consequences, such 
as we will group together under the phrase “the state of sequele of 
trachoma.” The more considerable the degree which the hypertrophy 
of the conjunctiva attains, the greater and more striking is the con- 
traction of the latter, and the longer, too, is the duration of the disease, 
which in most cases is counted by years. Accordingly, there is a direct 
proportion between the severity of the disease and its duration, as well 
as the severity of its later sequelew. The object of the treatment, there- 
fore, must consist in checking the hypertrophy of the conjunctiva 
while it is developing, as thus both the duration of the disease is short- 
ened and its evil consequences also are reduced to a smaller amount. 

In the conjunctiva tarsi, the beginning of the formation of cica- 
trices is betokened by a few narrow, whitish striz (fine cicatricial bands), 
which we see emerging in the midst of the reddened and thickened 
conjunctiva. These strie gradually become more numerous and unite 
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to form a delicate network, the meshes of which are occupied by red isl- 
ands—that is, by those portions of the conjunctiva which are still hyper- 
eemic and hypertrophied. Little by little the cicatricial lines grow stead- 
ily broader and the islands that they inclose steadily narrower, until at 
length that condition is produced in which the conjunctiva of the tarsus 
has become perfectly pale, thin, and smooth. The cicatricial condition 
of the conjunctiva corresponds in extent and intensity to the amount of 
hypertrophy that has preceded it. In those cases in which the hyper- 
trophy of the conjunctiva has attained a considerable height in certain 
spots only, it is also only at these spots that deep cicatrices remain 
after the trachoma has run its course, while those parts of the conjunc- 
tiva which were simply infiltrated, or were hypertrophic to only a very 
slight degree, return to the normal state. 

In the conjunctiva of the fornix, the same conversion of hyper- 
trophy into cicatricial contraction takes place. Only, the external 
phenomena are somewhat different, in conformity with the different 
character of the conjunctiva in this situation. Here we do not see 
any whitish bands, but we find that the thick swellings which are 
formed by the hypertrophic fold of transition are becoming gradually 
thinner and flatter. Associated with this process, and proceeding with 
it step by step, is a condition of contraction taking place in the con- 
junctiva, a condition which steadily increases until even the folds that 
in the normal eye are present in the fornix are smoothed out and dis- 
appear (Fig. 19 B at f,). The conjunctiva has grown pale, and a deli- 
cate bluish-white coating is witness to the cicatricial character of its 
superficial layers. 

Pannus, provided that further changes, such as will be described 
later, have not occurred in it, is capable of complete retrogression, so 
that the cornea can reacquire its normal transparency. Ulcers heal, 
leaving behind them cloudy spots, the influence of which upon vision 
is dependent upon the degree of their opaqueness and also upon their 
situation within the pupillary area of the cornea. 

The morbid changes in the conjunctiva and cornea, which are 
characteristic of trachoma, vary so greatly in their intensity that it will 
be necessary to distinguish the cases into those that are light and those 
that are severe. In the lightest cases the hypertrophy of the conjunctiva 
is small and the cicatricial formation that succeeds it is correspondingly 
insignificant; so much so, perhaps, that it may scarcely be possible any 
longer to make the diagnosis of trachoma, if some time has elapsed since 
it occurred. When once the cornea has become implicated, the case 
must always be characterized as severe. It must be remarked how- 
ever: (1) That the symptoms of irritation do not always by any means 
bear a fixed proportion to the objective changes; cases with very great 
hypertrophy of the conjunctiva and thick pannus often running their 
course without inflammatory accidents, and vice versa. (2) That 
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similarly no fixed relation exists between the changes in the conjunc- 
tiva of the lids and those of the cornea. We see cases with very pro- 
nounced proliferation of the palpebral conjunctiva without pannus, 
and, on the other hand, cases with pannus and ulcers associated with a 
trifling affection of the conjunctiva. (3) In one and the same case 
the course is often very variable, in that sometimes intermissions or 
even spontaneous partial recoveries, sometimes relapses and exacerba- 
tions, occur. The latter are surely to be expected if, in a case that has 
been improved by treatment, treatment is too soon discontinued ; but 
it is noticed that they also occur without any known cause under ap- 
propriate treatment properly carried out. Thus a suddenly occurring 
supplemental attack of pannus can in a short time annihilate the results 
of months of treatment. 

It is not only, however, with regard to the intensity of the morbid 
changes, but also with regard to the swiftness with which they take 
place that such great variety prevails, and the same is true of the as- 
sociated symptomis of irritation, which are usually the more consider- 
able the more rapid the progress of the disease. In the majority of 
cases the disease sets in with moderate symptoms of irritation—photo- 
phobia, lachrymation, pain—which augment with the increase in the 
objective changes. Not infrequently, however, trachoma develops so 
insidiously that for a long time those whom it has attacked are not 
aware of it. Such persons sometimes do not have their attention 
called to their disease until the pannus as it covers the cornea begins 
to disturb their sight. These cases belong as a rule to the granular 
form of trachoma. When the people living in barracks, schools, etc., 
that are infected with trachoma undergo medical examination, there is 
always found a number of inmates who do not complain of any troubles 
whatever and who regard themselves as perfectly healthy, while exam- 
ination shows in the folds of transition a very considerable develop- 
ment of trachoma granules. In contrast with cases running this in- 
sidious course are the cases of what is called acute trachoma. In these 
the disease begins with very violent inflammatory accessories; the 
cedema of the lids, the great swelling of the conjunctiva, the profuse 
purulent secretion would almost lead us to imagine the case to be an 
acute blennorrhea. The correct diagnosis can be made as a rule by 
our finding the conjunctiva studded with numerous trachoma granules. 
But if these are absent during the first days of illness, or if, because of 
the great swelling of the conjunctiva, they are not apparent, the subse- 
quent course of the disease may be the only thing that can clear up the 
nature of the latter; which it does, since the hypertrophy of the con- 
junctiva, that is characteristic of trachoma, soon develops. Such acute 
cases occur chiefly during the prevalence of an epidemic of trachoma; 
they are dangerous to sight not so much on account of pannus as of 
corneal ulcers, that make their appearance during the acute stage. 
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15. Stage of Sequele of Trachoma.—lIt is only the lightest cases, or 
those that come under treatment early, that are completely cured. In 
other cases there are left sequele, which are accompanied by a per- 
manent impairment of the eye. These affect either the lids and con- 
junctiva or the cornea. They are as follows: 

1. Distortion of the lids with faulty disposition of the cilia. The 
distortion is produced by the cicatricial contraction of the conjunctiva 
and the tarsus, as a result of which the tarsus bends in such a way as 
to be convex anteriorly. ‘This distortion is recognizable even from an 
inspection of the lids while in situ, from the fact that they bulge more 
than usual. It appears still more clearly on everting the lids, especially 
in the upper lid, in which the distortion is always more pronounced. 
We find the conjunctival surface of this lid traversed by cicatrices, 
among which one that is particularly striking is a cicatricial band 
which runs in the form of a narrow white line two or three millimetres 
above the free edge of the lid and parallel with it. Along this line 
there is a furrow-like depression produced by the drawing in of the 
conjunctiva and the tarsus. On everting the lids we feel that this 
spot corresponds to an angular bend of the tarsus (¢,, Fig. 19 B), which 
lies, therefore, in the neighborhood of the free border of the hd. From 
this bending of the tarsus the whole lid acquires a boat-like or bowl- 
like shape. 

The cause of the distortion of the tarsus lies partly in the cicatricial 
contraction of the conjunctiva; for, as the conjunctiva grows shorter 
upon the posterior surface of the tarsus, it tends to bulge the latter 
forward. But the distortion is mainly produced by changes in the 
tarsus itself. The latter is as much the seat of inflammatory infiltra- 
tion in severe cases of trachoma as the conjunctiva itself. It is hence 
increased in size and, when we evert the lid, we feel that it is thicker, 
wider, and at the same time less pliable, so that sometimes the eversion 
of the lids is rendered considerably more difficult. From sucha state of 
things the experienced observer would infer that he has to fear a sub- 
sequent distortion of the tarsus with its consequences. The infiltra- 
tion and thickening of the tarsus are greatest near its lower margin, 
along the line at which the blood-vessels passing to the conjunctiva 
from in front perforate the tarsus (see page 36 and Fig. 16, rp). 
There is no doubt but that it is chiefly along these vessels that the in- 
flammatory infiltration makes its way from the conjunctiva to the tar- 
sus. Hence, cicatricial contraction which succeeds the infiltration and 
which makes the whole tarsus thinner and narrower, is greatest at this 
spot and produces there an angular bending of the tarsus, correspond- 
ing to which is the cicatricial line that is seen running horizontally 
upon the conjunctiva tarsi, and the position of which accordingly agrees 
in general with that of the sulcus subtarsalis present in the normal lid. 

The immediate consequence of the distortion of the lid is an altera- 
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tion in the position of its free border and of the cilia springing from it. 
In the upper lid the free border no longer looks straight downward, but 
downward and backward (inward). The internal margin of the lid, 
which in the healthy state i is sharp, becomes rounded off (« shaved off ») 
and is no longer to be recognized with distinctness (Fig. 19 B, 7,), 
this being due partly to the way in which it is drawn by the contract- 
ing pougmucia partly to the pressure of the eyeball upon it. By the 
turning inward of the free border of the lid the direction of the cilia 
(c,) is changed, so that they now no longer look forward, but look 
downward and backward, and touch the surface of the cornea (trichi- 
asis). Another factor besides the distortion of the tarsus that con- 
tributes to this false position of the cilia, is the tension which the con- 
tracting conjunctiva exerts. This tends to draw the skin, and with it 
the cilia, over the free border of the lid and up upon the posterior 
surface. 

If the distortion of the lid progresses, the entire border of the lid 
turns backward and entropion is produced. In trichiasis and entropion 
alike there is a permanent condition of irritation, which is excited and 
maintained in the eye by the constant contact of the cilia with the 
cornea; if this condition lasts any length of time, diseases of the cornea 
make their appearance as a consequence of the mechanical injury pro- 
duced by the cilia (see $$ 36 and 46). 

The opposite kind of anomaly of position of the lid—that is, its 
turning outward, or ectropion—also occurs as aresult of trachoma. The 
cause of this is that the conjunctiva, when it is thickened and has un- 
dergone great proliferation, crowds the lid away from the eyeball; the 
contraction of the muscular fibers of the orbicularis then suffices to 
complete the eversion of the lid. This kind of ectropion is usually 
found only in the lower lid (see § 112). 

2. Symblepharon Posterius.—When the cicatricial contraction of 
the conjunctiva reaches a high degree, the folds of the region of tran- 
sition flatten out completely; the conjunctiva passes directly from the 
lid to the eyeball (f,, Fig. 19 B). If the lower lid is drawn down with 
the finger, the conjunctiva stretches tightly in the form of a vertical 
fold between the lid and the eyeball, and, if the lid is drawn down still 
farther, the eyeball, being fastened tightly to it by the conjunctiva, 
must follow. This condition is characterized as symblepharon pos- 
terius (see § 25). In particularly severe cases the lower half of the 
conjunctival sac is reduced to a shallow groove between the lid and the 
eyeball. 

3. Xerosis Conjunctive.—When very greatly contracted, the con- 
junctiva loses its power of contributing through its own special secre- 
tion to the moistening of the eyeball. A feeling of dryness develops 
in the eye; the scanty, muco-purulent secretion shows a tough, sticky, 
viscid character. Subsequently there appear on the conjunctiva tarsi 
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several dry-looking places, to which the lachrymal fluid can not adhere 
any more than if they were smeared with grease. This condition tends 
to spread, until finally the conjunctiva may be affected by it through- 
out its whole extent. The conjunctiva in that case looks dry and brit- 
tle; the lachrymal fluid, which is secreted in less amount than usual, 
does not adhere to it. The cornea, which as a rule has become partly 
cicatricial from previous pannus and ulcers, likewise suffers from the 
deficient moistening; its epithelium becomes thicker, epidermoid, dry 
upon the surface, and hence opaque. Thus is produced that melan- 
choly condition which is called zerophthalmus and which forms the 
worst termination of trachoma: the eye is rendered incurably blind, is 
disfiguring to its possessor, and in addition keeps torturing him with a 
constant, very tormenting sense of dryness (see § 26, xerosis conjunc- 
tive). 

4. Corneal Opacities.—These are after-effects, both of ulcers of the 
cornea and of pannus. A recent pannus, it is true, can disappear com- 
pletely by a process of resorption, so that the cornea reacquires its nor- 
mal transparency But often further changes take place in the pannus, 
which render its complete disappearance impossible. Among them is 
to be reckoned in the first place (a) the transformation into connective 
tissue, which the pannus undergoes if it lasts for a long time. In this 
the same change takes place in the pannus as in the trachomatous 
conjunctiva, a portion of the round cells of which the pannus is com- 
posed growing into spindle-cells and finally into connective-tissue 
fibers. As a consequence of this the pannus becomes thinner, its sur- 
face grows smooth, the vessels with a few exceptions disappear, and at 
length the pannus is transformed into a thin membrane of connective 
tissue which covers the surface of the cornea. This connective tissue 
no longer admits of resorption. In cases in which the pannus is quite 
thick and succulent and covers the whole cornea, (0) ectasia of the 
cornea sometimes results. That is, as the tissue of the pannus, which 
is soft and abounding in cells, penetrates more deeply into the cornea, 
the tissue of the latter softens and gives way before the intra-ocular 
pressure (keratectasia e panno). Such a cornea never becomes perfectiy 
clear again. ‘The same thing is true, finally, of those cases in which 
(c) pannus is complicated with wlcers ; the regions which are occupied 
by the latter hkewise have permanent opacities left upon them. 

Trachoma, then, is a disease which is distinguished by its duration, 
extending over years, and which in many cases renders those who 
are attacked by it half or wholly blind. If we add to this the fact 
that because of its infectious nature it is exceedingly apt to spread, we 
shall understand how, for those regions in which it is endemic, it is a 
veritable scourge. 

16, Etiology—Trachoma originates exclusively in infection pro- 
ceeding from another eye affected with trachoma. Infection takes 
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place by transfer of the secretion; contagion by means of the atmos- 
phere, the existence of which was formerly accepted, seems not to 
occur. In all probability the secretion owes its infectious character 
to a micrococcus, in regard to whose nature, however, investigations so 
far have led to no concordant results. Since it is the secretion alone 
that transmits the infection, the danger of infection, which any given 
case carries with it, is in direct proportion to the amount of the secre- 
tion; the more profuse the latter, the greater being the danger of those 
in the immediate neighborhood of the patient. The transfer of the 
secretion from one eye to another generally takes place indirectly 
through the medium of the finger or chiefly through the medium of 
certain articles of the toilet, like sponges, towels, handkerchiefs, etc., 
which are brought into contact with the eyes. A special opportunity 
for this to occur is afforded when a pretty large number of people have 
their sleeping-apartments in common, and so make common use, too, 
of the articles above mentioned. Hence, trachoma spreads most exten- 
sively in barracks, penal establishments, poor-houses, orphan-asylums, 
boarding-schools, and indeed schools of all kinds, ete. Moreover, out- 
side of such institutions the same factor asserts itself, since trachoma 
preferably attacks poor people who live crowded close together and 
bestow little care upon cleanliness. Moreover, the fact that in many 
countries the Jews are special sufferers from trachoma is to be attrib- 
uted to the same cause. ‘Trachoma, finally, varies in its geographical 
distribution. It is most frequent in Arabia and in Egypt, which is 
regarded as its proper home (ophthalmia Aigyptiaca, Egyptian oph- 
thalmia). In Europe it is much more extensively distributed in the 
east than in the west. Elevated lands (Switzerland, Tyrel) are almost 
entirely free from it, while it is very frequently found in the low lands 
(Belgium, Holland, Hungary, and the whole region of the lower 
Danube). 

Therapy.—The treatment of the trachomatous conjunctiva has a two- 
fold object in view: on the one hand it seeks to do away with the inflam- 
matory complications and the increase of secretion, which is associated 
with them; on the other hand, to further the disappearance of the con- 
junctival hypertrophy. In this way it is most likely that the process of 
shrinking in the conjunctiva will be restricted as much as possible, so as 
to avert the evil consequences resulting from its cicatricial contraction. 
We attain both objects by the proper employment of caustics, of which 
two are almost exclusively in use: nitrate of silver in two-per-cent solu- 
tion and sulphate of copper in the form of a stick. ‘The silver has the 
feebler action, and is therefore borne better; copper, being applied in 
substance, has a correspondingly stronger cauterant action, but also 
causes more irritation. ‘These remedies are, as a rule, applied once a 
day, it being only in severe cases that they are used twice a day. The 
indications for the two remedies are as follows: Nitrate of silver is em- 
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ployed in all recent cases with violent inflammatory symptoms and 
great secretion. It can also be used when there are ulcers upon the 
cornea that are still in the progressive stage, if we take care that none 
of the solution comes into contact with the cornea itself. Copper 
sulphate is suitable for those cases in which the inflammatory symp- 
toms are small, and its chief use is in removing the hypertrophy of the 
conjunctiva. For this purpose it acts much more energetically than 
the silver solution, and should, therefore, be used in preference to it in 
all those cases in which its application is allowable at all. Great in- 
flammatory irritation, but most of all the presence of ulcers of the 
cornea in a state of active progress, contra-indicate the use of the blue- 
stick. 

From these indications it follows that, as a rule, we treat a recent 
case with the silver solution until the inflammatory symptoms have disap- 
peared and the secretion has diminished. As soon as this has occurred 
—and several weeks are generally sufficient for the purpose—we replace 
the silver solution by bluestone. At any rate, we must avoid using 
the silver solution for too long a time on account of the argyrosis 
which may develop as a result of it. The copper is now to be used, 
the application of it being made stronger or weaker according to the 
degree of hypertrophy; and is to be kept up for months and eyen 
years, until every trace of hypertrophy has vanished and the conjunc- 
tiva has become free from congestion and smooth throughout. At first 
the application is made every day; but when only slight remains of the 
hypertrophy exist, it is sufficient to make the application every other 
day, and subsequently every third day. Moreover, the application should 
be made less and less energetically all the time, until, finally, when the 
cure of the trachoma is complete, the application is entirely suspended. 
In these later stages of the disease we can instruct the patient how to 
evert the lid himself and touch it with the bluestone, so that he need 
not come so often to the physician. Or, we can prescribe for him an 
ointment of copper sulphate (one half to one per cent), which he himself 
can rub into the conjunctival sac. When there is great cicatricial con- 
traction of the conjunctiva it is not applicable at all, and must be re- 
placed by the use of ointments. A one or two per cent ointment of 
white or yellow mercurial precipitate (the latter acts more energetically) 
may be rubbed into the conjunctival sac. In relapses with great in- 
flammatory irritation, such as often occur in the course of the treat- 
ment, the copper is always to be replaced for a short time by the silver 
solution. If, however, the symptoms of irritation are very violent, the 
silver solution itself can not always be borne, and must then be re- 
placed for some time by milder remedies such as instillations or com- 
presses made with weak solutions of corrosive sublimate or boric acid. 

The treatment of trachoma must be kept up until the hypertrophy 
of the conjunctiva is completely done away with, as otherwise relapses 
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are to be looked for sooner or later. The chief difficulty in the treat- 
ment lies in its great length, it often requiring many months for a com- 
plete cure. Those patients who have not the endurance or the means 
necessary for such a course, give up treatment as soon as their subject- 
ive troubles have disappeated, without, however, being completely cured. 
‘Then we commonly see them returning after some time with a relapse, 
which is often more severe than the disease for which we originally 
treated them. ‘This lack of completeness in the treatment is the reason 
why the disease with many men drags on through their whole life. 

The treatment of complications affecting the cornea is conducted on 
the principle that the affections of the cornea, caused by a conjunctival 
trouble, are best cured by the treatment of the conjunctival trouble 
itself. Hence, corneal ulcers and pannus occurring in connection with 
trachoma are not combated directly, but have their cure brought about 
by means of applications made to the conjunctiva. The only limita- 
tion to this is that, where there are corneal ulcers in active progress, the 
silver solution is demanded and the bluestone, on the other hand, is 
contra-indicated, and further, that contact of the caustic with the 
cornea should be avoided as far as possible. For the iritis, which is 
not rarely associated with ulcers of the cornea, atropine in one-per-cent 
solution is instilled. In other respects, ulcers of the cornea are to be 
treated according to the rules which are in general applicable to them 
(see § 36). It must only be noted that bandaging, which is gener- 
ally indicated in the case of ulcers of the cornea, should be avoided as 
far as possible when trachoma is present, because by the closure of the 
eye the secretion is retained in the conjunctival sac, and thus both the 
conjunctival and the corneal troubles are aggravated. 

Pannus, in recent cases, disappears of itself, simply from applica- 
tions being made to the conjunctiva. If the pannus is unusually dense, 
it is allowable to make careful applications of the caustic to the pannus 
itself. Since pannus is often associated with slight iritis, atropine 
should be instilled from time to time, in order to keep the pupil dilated 
and prevent the formation of posterior synechizw. Very old pannus, 
which already is partly made up of connective tissue and has lost all but 
a few of its vessels, requires special treatment. Experience has shown 
that further resorption can be obtained in such a pannus by exciting a 
violent inflammation in it, and so producing an increased succulence 
and a greater vascularity. For this purpose we make use of the Je- 
quirity treatment (De Wecker). We here employ a three to five per 
cent infusion of jequirity, which is prepared by steeping the ground 
jequirity-beans for twenty-four hours in cold water. With this infusion, 
which is to be prepared fresh every day, the conjunctiva of the everted 
lids is painted very thoroughly two or three times a day. The inflam- 
mation that is thus produced reaches the desired height on the second 
or third day, when the lids are reddened and are swollen with oedema, 
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the conjunctiva is strongly injected and’ covered with a croupous 
membrane, and slight chemosis is often present. ‘This inflammation 
we designate as jequirity-ophthalmia. As soon as it has attained the 
height just described, the further application of the remedy is discon- 
tinued, as otherwise we should make the inflammation increase to the 
point where it would cause a necrotic disintegration of the conjunc- 
tiva and cornea. We now allow the inflammation to run its course, 
simply keeping the eye clean; when the inflammation has completely 
subsided, the cornea is found to have gained in transparency as com- 
pared with its former state, and sometimes to a very considerable ex- 
tent, This very energetic treatment is adapted only to those old cases 
of trachoma in which the more pronounced symptoms of inflammation 
are wanting, the conjunctiva is in great part cicatricial, and the cornea 
is entirely covered by old pannus. 

Of the sequele of trachoma, trichiasis and entropion demand opera- 
tive treatment (see the section on operations, §§ 168 and 171). The 
symblepharon posterius, which is produced by the shrinking of the 
conjunctiva, is amenable to no treatment. Xerosis of the conjunctiva 
is also incurable, so that treatment must be limited to the amelioration 
of the patient’s sufferings. To diminish the sense of dryness, frequent 
instillations of milk, glycerin, or mucilaginous substances (e. g., the 
mucilago seminum cydoniorum), may be made. 

In addition to the foregoing measures for the treatment of tracho- 
ma, it is self-evident that care must be taken to keep the eye clean, 
for which purpose we may prescribe weak antiseptic solutions. The 
patient should have a nourishing diet; he ought not to be kept in his 
room, but, on the contrary, should be made to go out in the open air 
and take exercise, and perhaps may be directed to engage in some light 
out-of-door work. 

With a disease of this infectious character, its dissemination should 
be checked by suitable prophylaxis. The physician must set a good 
example, and must cleanse his hands very carefully after touching a tra- 
chomatous eye. He must call the attention of the patient affected with 
trachoma to the infectious nature of his disease. He must teach him 
how to protect from infection the other eye which may be still healthy, 
and how to avoid spreading the disease among those in his immediate 
neighborhood, his family, his fellow-workmen, ete. For securing the 
latter object, the prime requisite is that the patient should have his 
own washing materials, linen, bed, etc., and should keep them for his 
own individual use. 

The prevention of epidemics of trachoma in public establishments, 
such as barracks and institutions and schools of every sort, constitutes 
an important duty of the officials in charge of such places. These offi- 
cials should take care that the members of their community have separate 
washing-materials, linen, etc., for their use. They should be kept ap- 
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prised of the presence of any trachomatous patients by means of fre- 
quent medical inspection, and, as soon as such a patient is found, he 
should be immediately oar from the community; for, where no 
trachomatous patient is found, no extension of the disease is possible. 


There is no disease of the eyes in regard to which such a mass of literature 
has been reared in the course of the ages as in regard to trachoma. Neverthe- 
less, we are to-day still far from a clear understanding of the matter, or from 
any unity of views in regard to it. The many people who have worked upon 
the subject have given us a great number of divisions of the disease and various 
names; and the confusion has been carried so far that for almost every desig- 
nation that we employ we must give a description, too, in order to make clear 
to our audience what we mean. 

It was at the commencement of our own century that trachoma began to 
attract the attention of physicians to any great degree. It was then that the 
disease first showed itself as an epidemic among the European armies (ophthal- 
mia militaris). People were of the opinion that it had been introduced into 
Europe from Egypt (hence ophthalmia sgyptiaca) by Napoleon I. For when 
the latter, in July, 1798, landed in Egypt with an army of thirty-two thousand 
men, most of the soldiers were very soon attacked by a violent ophthaimia, 
and these were supposed to have brought with them upon their return to Europe 
the disease which was formerly confined to Egypt. Subsequent historical re- 
searches, however, have shown that the disease had already been endemic in 
Europe since antiquity. Celsus mentions the disease, and gives a good de- 
scription of the roughness of the lids and the purulent discharge that it occa- 
sions. For treatment the ancients employed scarification of the conjunctiva, 
which is still to-day made use of by some, and which was accomplished both 
by means of various instruments and also by friction with fig-leaves. 

From time immemorial, then, trachoma has existed in Europe as an endemic 
disease. But when, by reason of the Napoleonic wars the armies came go re- 
peatedly in contact with each other and with the civil population, the disease 
became more widely disseminated and occurred in epidemics. In some coun- 
tries it became frightfully prevalent. In the English army, during the year 
1818, there were more than 5,000 on the invalid list, who had been rendered 
blind as a consequence of trachoma, In the Prussian army, from 1813 to 1817, 
20,000 to 30,000 men were attacked with it; in the Russian army, from 1816 to 
1839, 76,811 men were subjects of the disease. In Belgium, in 1840, one out 
of every five soldiers was affected with trachoma. The French army, which 
was supposed to form the starting-point of the disease, was just the one that, 
relatively speaking, was least attacked. The armies disseminated trachoma 
among the civil population through the discharge of soldiers affected with eye 
diseases, through the quartering of troops, etc. When they had so many 
trachomatous soldiers in the Belgian army that they did not know what to do, 
the Government applied to Jiangken, who was at that time a celebrated oph- 
thalmologist in Berlin. He recommended them to dismiss the trachomatous 
soldiers to their homes. By means of this fatal measure trachoma soon became 
diffused in Belgium to an extent which has been observed in no other European 
state. 

Among the civil population trachoma finds a favorable soil for its dissemina- 
tion in places where many men dwell together, hence among the poorer classes, 
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but particularly in large public asylums. If trachoma has made its way into 
such an establishment, and no measures are taken against its spreading, soon 
a great number or even all the inmates will be attacked by it. In a pauper 
school at Holborn, the whole five hundred children suffered from trachoma 
(Bader). Hairion, in 1840, found in an orphan asylum at Mecheln sixty-four 
out of sixty-six orphan girls affected with trachoma; in Mons, seventy-one out 
of seventy-four orphan girls were suffering from the disease. In the workhouse 
at Dublin, no less than 134,838 persons were attacked by trachoma from 1849 
to 1854. On board ships, where the crew live so closely crowded together, 
trachoma can spread very quickly. Mackenzie tells the story of the epidemic 
which raged upon the French slave-ship Rodeur in the year 1819. The disease 
broke out during the voyage, and first among the negroes who, to the number 
of 160, were crowded together in the hold. When they took the unfortunate 
people up on deck, because the fresh air seemed to have a favorable influence 
on the opbthalmia, many threw themselves overboard, so that they had to desist 
from doing this. Soon one of the sailors also was attacked, and three days 
later the captain and almost the whole crew were taken down with the disease, 
so that it was only with the greatest difficulty that the ship could be brought 
to its destination. 

According to the descriptions of that time, trachoma then ran a very acute 
course, and was attended with profuse secretion, circumstances which explain 
the rapidity with which the disease spread. It seems that they then had to 
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Fic, 20.—CROSS-SECTION THROUGH THE TRACHOMATOUS CONJUNCTIVA OF THE UPPER LID. 
MAGNIFIED 24x 1. 


Both small papille. P, P, P, and large ones, P;, Py. are found. The former stand side by side 
like the pickets of a palisade ; the depressions. ¢. ¢. t. lying between them and coated with 
epithelium. look like the tubules of glands. The large papillae contain trachoma granules, 
T, T;. which are not sharply limited and do not possess a capsule. The epithelium of the 
conjunctiva is in many places, e. e, thickened. The mucous coat is in a condition of cellular 
infiltration, u, which is especially marked in the vicinity of the blood-vessels, g, g. 


deal with the acute form of trachoma, which, now that epidemics have ceased, 
has become rare. At present trachoma exists in many countries as an endemic 
disease, but mostly occurs under that chronic form under which, with scarcely 
any exceptions, we now see it. 

The different forms under which trachoma shows itself nowadays are re- 
garded by some as distinct diseases. In order to discover the relation existing 
between these forms, we must study first of all the anatomical alterations which 
belong to the different forms. 

The papillary growths which impart to the conjunctiva its velvety or rasp- 
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berry-like appearance are caused by an increase in size of the surface of the 
hypertrophic conjunctiva, The latter is thrown into folds, between which cor- 
respondingly deep clefts are formed; then on cross-section the folds appear 
under the form of papille (Fig. 20, Pand P,). The connective tissue forming 
the papilla is stuffed full of round cells; the surface of the papille is eovered 
with a very much thickened epithelium (e, e), which, of course, is continued on 
into the depressions (¢, ¢) that exist between the papilla. These depressions 
hence have in microscopical cross-section the appearance of a narrow canal 
coated with epithelium, and were accordingly regarded at one time as tubular 
glands; and hence the formation of new glands was alleged to occur in tracho- 
ma. That this in fact does sometimes occur can not be absolutely denied, for, 
even though the depressions between the papille are not glands, yet tubes 
coated with epithelium grow out from them and extend into the tissue of the 
conjunctiva, and these tubes are then in no respect distinguishable from true 
glands. 

Papillary hypertrophy of the conjunctiva, however, is by no means a char- 
acteristic feature of trachoma, in the sense of being limited to it alone. Ina 
less marked degree it is found in connection with every long-continued irrita- 
tion of the conjunctiva, as in chronic catarrh; in conjunctivitis lymphatica that 
has lasted a long time; in ectropion, upon the portion of the conjunctiva that 
is exposed to the air, etc. Papille, that are large but compressed and flat, are 
the distinguishing mark of vernal catarrh (§ 20). Still more intense degrees of 
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Fig. 21.—TRACHOMATOUS GRANULATION FROM THE FOLD OF TRANSITION. MAGNIFIED 24x 1. 

The trachomatous granulation 7’ pushes up the conjunctiva in the form of an elevation, and is 
inclosed by a layer of thickened connective tissue. th> capsule, k. The conjunctiva is in- 
filtrated with cells, both in its upper layers, a, and along the vessels, g: the epishelium, e, 
shows, above the place marked a, bright spots which correspond to the goblet-cells ; at d 
it lines one of Henle’s glands. 


papillary growth are observed after acute blennorrheea, whenever the so-called 
chronic blennorrhcea develops from it. For this reason many authors call all 
cases of papillary trachoma chronic blennorrhoea, even though they have not 
been preceded by acute blennorrhea. Others call the papillary form ophthal- 
mia purulenta chronica, others conjunctivitis granulosa or granulations, because 
the papille of the conjunctiva have a resemblance to the granulations of a 
wound. This resemblance, however, is a purely external one, since the hyper- 
trophied conjunctiva does not have a raw surface, but is covered with epithe- 
lium; besides, by such a designation, a confusion would necessarily be produced 
with the granular form of trachoma. 

The granular form is characterized by the presence of trachomatous granu- 
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lation. These, in microscopic cross-section, appear as a rounded aggregation 
of lymph-corpuscles, forming, as it were, a little lymphatic gland or a lymphatic 
follicle, analogous to those which compose Peyer’s patches. The trachomatous 
granulation either passes without any sharp line of demarkation into the sur- 
rounding tissue, which is also very rich in cells (Fig. 20, Zand 7), or it has 
a sort of incomplete capsule of connective tissue (Fig 21, 7’). This capsule 
(Fig. 21, &), according to Raehlmann, is developed only in trachomatous granu- 
lations which have existed for a pretty long time. 

The granular form is called trachoma verum, trachoma Arlti, and trachoma 
folliculare (Horner). Many, in view of the trachomatous granulations (gran- 
ules) present, give this form the name of granulations, while, as has been said 
above, others, on the contrary, use just this expression for the papillary form; 
hence the confusion that exists. 

The mixed form (trachoma mixtum, according to Stellwag), which clinical 
observation has already shown to be the most frequent, is proved by micro- 
scopical examination to be almost the only one that occurs. That is, even in 
those cases in which papille alone appear to the naked eye to be present, 
trachomatous granulations are found in cross-sections examined under the micro- 
scope, either lying within the papille themselves, or imbedded in the deeper 
portions of the mucous membrane. In the former case the papille have a par- 
ticularly broad or even knob-shaped appearance (Fig. 20, P:). In the second 
case the trachomatous granulations are concealed by the papillary bodies, be- 
neath which they lie; then we often see them coming into view afterward, when 
the papillary growths have disappeared, as the result of a prolonged course of 
treatment. 

By trachoma diffusum, Stellwag understands a pretty high degree of devel- 
opment of mixed trachoma, in which large growths, which sometimes project 
like a cock’s comb, cover the tarsal conjunctiva. The brawny trachoma of Stell- 
wag represents a later stage of mixed trachoma, in which the papillary excres- 
cences have disappeared, and thus the surface of the conjunctiva has become 
pretty smooth; but the lymphoid infiltration in the deeper parts has persisted, 
or as a result of relapses has even increased. We have in that case a conjunc- 
tiva which is thickened, smooth on the surface, yellowish, and of brawn-like 
translucency. 

The transformation of the conjunctiva into cicatricial tissue proceeds as fol- 
lows: A part of the numerous cells which are contained in the conjunctiva, and 
which are either uniformly scattered through it or oecur in cireumseribed ac- 
cumulations (trachomatous granulations), disappears by resorption ; another 
part gradually grows into spindle-shaped cells, and finally into connective- 
tissue fibers. This new-formed connective tissue shrinks, and to such a great 
extent that the conjunctiva contracts and becomes thinner and of tendinous 
character. We have here a process similar to that which occurs in cirrhosis of 
the liver—i. e., the shrinking of a new connective tissue which has developed 
out of an inflammatory infiltration. It would be a mistake to suppose that in 
the trachomatous conjunctiva there are raw spots which become covered with a 
cicatrix—a mistake into which we might be more apt to fall because of the term 
granulations. What we call granulations in trachoma have nothing at all in 
common with the granulations of wounds, except their external appearance. 

Pannus proves, upon histological examination, to be a layer of new-formed 
tissue, which, starting from the limbus, spreads over the cornea. It consists of 
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a soft tissue, extremely rich in cells, which greatly resembles the infiltrated 
trachomatous conjunctiva. This tissue abounds in vessels, and occurs in alter- 
nately thicker and thinner layers, for which reason the pannus looks uneven 
and nodulated. Pannus, when it begins, insinuates itself between Bowman's 
membrane (Fig. 22, B) and the epithelium (Fig. 22, #), the latter being thus 
lifted off from Bowman's membrane and made to cover the pannus. The pa- 
renchyma proper of the cornea is protected by the still intact Bowman’s mem- 
brane and suffers no essential change. Hence it is possible for the cornea to 
regain completely its normal structure and transparency after the resorption of 
the pannus, since then the epithelium is once more directly applied to Bowman’s 
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Fic. 22.—CROSS-SECTION THROUGH THE MARGIN OF A CORNEA AFFECTED WITH PANNUS. 
MAGNIFIED 125~x 1. 


Beneath the epithelium, £, £, is the limbus, L, greatly thickened by cellular infiltration ; from 
it the pannus, P,in which are perceived the cross-sections of several vessels,,extends be- 
tween the epithelium and Bowman’s membrane, B, over the cornea, C. SS, sclera. 


membrane. But this is possible in recent cases only of pannus; later Bowman’s 
membrane gets to be destroyed in places, and the pannus then penetrates‘ into 
the corneal tissue proper, the superficial layers of which consequently are also 
destroyed in spots. Then the complete restoration of the transparency of the 
cornea has become impossible. 

For some forms and stages of pannus special names are in use. A recent 
pannus, which has not yet become thick, is called pannus tenuis, and, if it is 
very vascular, pannus vasculosus. If the pannus has acquired a considerable 
thickness, it is then known as pannus crassus or pannus carnosus. Sometimes 
the pannus is so big that one might imagine that he was looking at exuberant 
granulations (‘‘proud flesh”) upon the affected region of the cornea. This 
is pannus sarcomatosus. This adjective is also applied to the proliferating 
conjunctiva, as, for example, in the expression ectropion sarcomatosum, — It 
would be best to discard these antiquated expressions altogether, and especially 
the designation sarcomatosus, which can give rise to confusion with neoplasms 
—sarcomata. An old pannus, composed of connective tissue and poor in ves- 
sels, is a pannus siccus. 

What are the causes of pannus in trachoma? Some see in pannus a direct 
transfer of the inflammatory process from the conjunctiva of the region of transi- 
tion to the cornea, Against the occurrence of any such transfer per continuitatem, 
it has been urged, and with justice, that that portion of the conjunctiva which is 
interposed between the fold of transition and the rim of the cornea, namely, the 
conjunctiva bulbi, takes little or no part in the trachomatous process. Another 
explanation starts from the fact that pannus in trachoma as a rule begins in the 
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upper half of the cornea, and under ordinary circumstances has covered this 
portion entirely, before the lower half has been attacked at all. This would 
indicate that the upper lid, by reason of the roughness of its conjunctival sur- 
face, causes mechanically an irritation of the upper half of the cornea, and thus 
gives rise to inflammation in it. It is not to be doubted that this factor does 
come into play in the production of pannus, but it can not be the only nor even 
the most important cause of pannus; for we often find the greatest roughness of 
the palpebral conjunctiva without pannus, and conversely find pannus in cases 
in which the palpebral conjunctiva is almost perfectly smooth. At the present 
time we can merely say that anatomically pannus is analogous to trachoma of 
the palpebral conjunctiva; that it is a trachomatous affection of that part of 
the conjunctiva which covers the cornea—i. e., of the conjunctival layer of the 
cornea. That this part of the conjunctiva becomes diseased in trachoma as 
readily as the conjunctiva of the lids or of the fold of transition, should not 
excite our wonder; on the contrary, it is more difficult to understand why the 
remainder of the conjunctiva, the conjunctiva scleree, does not take a more 
active part in the trachomatous process. Perhaps the following explanation is 
the correct one. Fig. 22 shows that the infiltration of small cells is particularly 
marked in the limbus of the cornea (Z), and gradually diminishes as it extends 
from the latter over the cornea itself. So also, where we make a microscopical 
inspection, we find the limbus, at the spot where a pannus is on the point of 
developing, intensely reddened and so greatly swollen that sometimes it forms 
quite a thick outgrowth. Hence the impetus to the formation of a pannus 
seems to be given by the trachomatous affection of the limbus. Now, then, we 
must propound the following questions: 1. Why is it that the limbus in par- 
ticular is affected so intensely in trachoma? and, 2. Why does the imflamma- 
tion pass from the limbus to the cornea and not in the opposite direction—i. e., 
to the scleral conjunctiva? The first question must find its explanation in the 
fact that the limbus is by far the most vascular portion of the bulbar conjunc- 
tiva, and hence the part that is the most apt to be inflamed. That the inflam- 
mation spreads from the limbus in a centripetal direction—that is, upon the 
cornea, and not in a centrifugal direction upon the conjunctiva sclere, agrees 
with what we have been able to observe in other affections of the limbus and of 
the adjacent portions of the cornea. We are acquainted with many diseases in 
which inflammatory infiltrations or vessels push their way inward from the 
limbus into the cornea. Probably this depends upon the centripetal direction of 
the circulation of the blood in the scleral conjunctiva. The arterial vessels run 
from the periphery toward the limbus, where they form a dense network of capil- 
lary loops. At this point, where the centripetal stream of blood finds its limits, 
a circulation of lymph begins, which is directed in the same sense and which 
enters the cornea; and it is in the same direction that the inflammatory prod- 
ucts advance, and that the blood-vessels which jut out from the marginal loops 
of the cornea tend to make their way. Finally, it still remains to be explaincd 
why pannus generally begins at the wpper margin of the cornea, or why, in 
other words, the limbus is first affected at this point. If an eye is infected 
with trachoma, the conjunctiva is not attacked by the infection in its whole 
extent alike, but the infective matter adheres first to some circumscribed por- 
tion of the conjunctiva—generally to the conjunctiva of the tarsus or of the 
fornix, which is particularly apt to be affected with trachoma. Now, there are 
two ways in which the affection can spread from the portion of conjunctiva 
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that is first attacked to other parts, nemely, by continuity, in which case it 
extends gradually over the neighboring parts ; and, by contiguity, in which 
case through contact with the diseased conjunctiva tarsi there is an infection of 
those portions of the conjunctiva bulbi that lie opposite the former, and espe- 
cially of the limbus, which is especially predisposed to infection. Now, it is 
precisely at the upper margin of the cornea that the Ambus is in contact with 
the conjunctiva of the upper lid, and that, too, not only at night, but also all 
day, while the eye is open, since normally, even when the eye is open, the upper- 
most part of the cornea is covered by the upper lid. Here, therefore, the con- 
stant contact that exists is most favorable to an infection of the limbus by the 
diseased conjunctiva of the lids. That the rough condition of the latter assists 
in the production of this infection is likely. Such a condition acts partly as a 
mechanical irritant, partly by giving an impetus to infection through the pro- 
duction of small multiple lesions of the conjunctival and corneal epithelium. 
(That infection, by the contact of opposed surfaces, which is so frequently ob- 
served in the skin and other organs, may also occur in the conjunctiva, is 
proved by the case of vernal catarrh, adduced in the note to § 20.) 

What relation do the separate forms of trachoma bear to each other? Is 
trachoma papillare (blennorrhcea chronica, etc.) a disease perfectly distinct 
from trachoma granulosum (trachoma verum, etc.), or are both merely different 
forms of the same process? Anatomy shows that in the enormous majority of 
cases the changes that are characteristic of the two forms (papillary growths and 
trachomatous granulations) are found simultaneously, so that scarcely any un- 
mixed cases of either form are left. This speaks decidedly for the unitary theory 
of the disease. We arrive at the same result if we follow out the etiology of the 
disease. Cases are observed in which one individual, affected with one of the two 
forms, infects other persons, in some of whom, thereupon, the same form, in others 
the other form, develops. Piringer, moreover, by his inoculations experimentally 
established the fact that the secretion from one and the same case produced the 
first form in one individual, the second form in another; indeed, in one and the 
same person there was once produced by inoculation with the same secretion 
one form in one eye, the other form in the other. We may, therefore, be quite 
justified in regarding the two forms of granular and papillary trachoma as one 
and the same disease. 

Does any connection exist between trachoma and acute blennorrhcea ? 
These two diseases, which both originate in infection, are, of course, in their 
typical form very different from each other. Nevertheless, the chronic blennor- 
rhoea which develops from an acute blennorrhcea is so similar to the papillary 
form of trachoma that the two can not be distinguished from each other with 
certainty either by the clinical examination of the eye or by anatomical dissection. 
We may advance the following hypothesis: Recent acute blennorrheea when 
transferred to another eye produces acute blennorrheea in the latter also. But, 
if the acute blennorrhcea has already passed into the chronic form, its transfer 
to another eye no longer excites an acute but a chronic inflammation, which 
latter is trachoma. Different observations speak for the possibility of such 
a method of origin of trachoma. Goldzieher reports an epidemic of trachoma 
in the school for the blind at Buda-Pesth, an epidemic which had been intro- 
duced by a new-comer, a boy who had lost his sight from acute blennorrheea. 
Through him all the male and most of the female scholars became affected with 
trachoma, all possible forms of which, including the pure papillary, the pure 
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granular, and the mixed, could be recognized. Sattler has observed the fol- 
lowing case: A mother, who was affected with leucorrhea, gave birth to a 
child having acute blennorrhcea of moderate degree. The mother acquired a 
genuine trachoma by infection from her child. As she lived in a region per- 
fectly free from trachoma, infection from any other source was excluded. 
Against such a connection between chronic blennorrheea, following the acute 
form, and trachoma, the objection has been raised that in the former disease 
granulations (lymphatic follicles) have never been observed. But this is not 
always the case. In the autumn of 1887 two girls, sisters, were admitted to my 
clinic, the elder of whom had acquired an acute blennorrhcea of the conjuxc- 
tiva of both eyes as a result of her own leucorrheea. The younger sister had 
caught the infection from the eyes of the elder, and likewise acquired acute 
blennorrhcea of both eyes. In her case this was not quite so severe in its onset, 
and, after the greatest violence of the inflammation had abated, papillary out- 
growths developed on the conjunctiva tarsi and numerous granulations in the 
folds of transition, so that there was presented a perfect picture of mixed 
trachoma. In many other cases besides this I have been able to observe the 
development of granulations in the folds of transition after acute blennorrheea, 
and still more frequently have been able to prove their existence by the micro- 
scopical examination of excised portions of the conjunctiva. 

From what has preceded we draw the following conclusions: There is but 
one kind of trachoma, which, however, appears under various forms. The ulti- 
mate origin of the disease is probably referable to the secretion of genitals 
affected with gonorrhoea. This secretion produces in the human conjunctiva 
acute blennorrhaa, which passes into chronic blennorrhea. The secretion of 
the latter produces in a healthy eye directly a chronic inflammation, trachoma, 
which then, by a repeated process of transfer, spreads of itself. 

It still remains to speak of the position of follicular conjunctivitis with re- 
gard to trachoma. The former is found chiefly in young people, while tracho- 
ma, on the contrary, is very seldom met with in children. The two diseases 
are very similar, in that lymph-follicles occur as characteristic formations in 
both. In follicular catarrh they are smaller, are more sharply limited, and pro- 
ject farther above the surface of the conjunctiva; in trachoma they are larger, 
destitute of sharp outlines, and less prominent. Follicles proper are often 
oblong-oval (cylindrical) and placed side by side, in a row like a string of 
pearls, while trachomatous granulations are round and more rarely present any 
such arrangement in rows. But these characteristics are sometimes so obscured 
that even experts can not, in many cases, make the diagnosis with certainty, 
and the subsequent course of the disease alone affords the desired information. 
Even in the histological structure no thorough-going distinction can be found 
between follicles and trachomatous granulations. A further resemblance be- 
tween follicular catarrh and trachoma consists in the fact that they both chiefly 
occur among bodies of men who are confined in a small space. It is, therefore, 
easy to understand that these two diseases have repeatedly been confounded with 
each other; and a number of authors, in fact, explain follicular catarrh as being 
a kind of trachoma distinguished by its mildness and freedom from danger. 
But to such a view the following objection must be raised: It is not yet certain 
whether follicular catarrh occurring among confined bodies of men is propa- 
gated by infection like trachoma, or is merely a result of the contamination of 
the air by dust, exhalations, ete. On the other hand, it is quite satisfactorily 
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established that, under certain circumstances, follicular catarrh can arise with- 
out any infection whatever. This is the case after the prolonged instillation of 
atropine, which is followed in many persons by the development of a typical 
follicular catarrh with very numerous follicles. But trachoma can never arise 
without infection. A further and more important distinction between the two 
diseases is the course. Follicular catarrh is not associated, or is associated to 
only an inconsiderable degree, with papillary hypertrophy of the conjunctiva; 
it never leads to shrinking of the conjunctiva, to pannus, or to any of the other 
sequel; it is a disease perfectly devoid of danger, one which, even without 
any treatment, finally gets well and leaves no trace behind; so that on this 
account alone the differentiation of the two diseases is not only theoretically, 
but also practically, of great importance. 

The question with regard to the relations of the different forms of blennor- 
rhoea, trachoma, and follicular conjunctivitis to each other, will first receive a 
definitive solution through the medium of bacteriology. At present only the 
micrococcus of acute blennorrheea, the gonococcus, has been satisfactorily de- 
termined. In conjunctival diseases, which, like trachoma and follicular catarrh, 
are associated with the formation of granulations, several observers (Leber, 
Sattler, Koch, Michel, Poncet, Schmidt, Kucharsky, Staderini, Goldschmidt, 
and others) have also proved the existence of micro-organisms, some of which 
pretty closely resemble the gonococcus without being identical with it. So far, 
however, the observations of individual investigators are not sufficiently accord- 
ant for us to be able to formulate any definite conclusions. Probably we must 
regard the formation of granulations composed of adenoid tissue not as any- 
thing at all specific, but only as a particular form of reaction, which the con- 
junctiva of the eye, like other mucous membranes, exhibits toward many dif- 
ferent sorts of irritants. These irritants can be of a bacterial nature, as in 
trachoma and in follicular catarrh. Then there are cases of tuberculosis of the 
conjunctiva (see § 23), which begin with an abundant development of granu- 
lations, quite as in trachoma; of these Rhein has described some examples, and 
I myself have seen one. Again, Goldzieher and Sattler have seen cases in 
which there was an abundant formation of granulations in a conjunctival affec- 
tion which they regarded as syphilitic. In regard to the follicular catarrh pro- 
duced by atropine, it is not yet determined whether the irritation is a chemical 
one or is dependent upon Schizomycetes, which may chance to have developed 
in the atropine solution. 

The treatment of trachoma encounters its greatest difficulty in the length of 
time that it requires. With the view of abbreviating this, attempts of the 
most varying nature have been made to attack directly the outgrowths upon 
the conjunctiva (papille, granulations) and destroy them. These measures, 
which in part were already employed in ancient times, consist in scarification 
of the conjunctiva, excision and expression or rupture of the trachomatous granu- 
lations, their cauterization with a pointed cautery-iron or with a galvano-cau- 
tery point, excision of the fold of transition which lodges the granulations, 
nay, even the excision of the conjunctiva tarsi, together with the tarsus. Tt 
have myself tried most of these methods, which are constantly coming into 
vogue again and being extolled anew. In order to subject them to a positive 
test, I chose for the trial cases in which trachoma existed in the same degree in 
both eyes. Then, as one eye was treated in the ordinary way and the other 
by excision of the conjunctiva or by destruction of the isolated granulations, 
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it was possible for me to draw a decisive comparison between the various pro- 
cedures. In this way I have found that every process for directly destroying 
the conjunctiva renders the shrinking of the latter only so much the greater 
and does not cure the trachoma any more quickly, inasmuch as we can not 
remove all the diseased portions of the conjunctiva. I can not, therefore, 
recommend these procedures except, perhaps, for those rare cases in which the 
portions of the conjunctiva that are affected with trachoma are quite circum- 
scribed, and can, therefore, be completely removed. 

For getting rid of a thick pannus many employ peritomy. This is the opera- 
tion of dividing the conjunctival vessels running to the pannus, either by simply 
making an incision round the cornea through the conjunctiva, or by excising a 
narrow annular strip of the latter. 

In order to make an old pannus transparent, it was formerly the practice to 
deliberately make an inoculation of acute blennorrhcea, because it had been 
found by experience that an eye with pannus, which is accidentally attacked 
by acute blennorrhcea, instead of losing its cornea by suppuration, has its pannus 
made actually more transparent. This procedure is, at the present time, re- 
placed by the treatment with jequirity, which accomplishes the same thing 
without exposing the eye of the other side, or the eyes of other persons, to the 
danger of blennorrheeal infecticn. 

Jequirity (the seeds of the Abrus precatorius) has fora long time been in use 
in Brazil, where trachoma is epidemic, as a popular remedy for this disease. 
To De Wecker is mainly due the credit of having subjected this remedy to 
scientific exnmination and of having introduced it into Europe. The action of 
jequirity does not depend upon the presence of micro-organisms in the infusion, 
as was originally believed, but upon an unorganized ferment which is excess- 
ively poisonous (Hippel, Neisser, Salomonsen, Venneman). 


V. ConsUNCTIVITIS DIPHTHERITICA. 


17. Conjunctivitis diphtheritica,* like acute blennorrhea and tra- 
choma, is a purulent inflammation of the conjunctiva, which spreads 
by infection, and the secretion of which is contagious. But the con- 
tagium is a specific one, different from that of the other two diseases. 
It has the property of exciting in the tissue of the conjunctiva a pro- 
fuse exudation, which has a great tendency to coagulate, and thus 
leads to the necrosis of the infiltrated tissue. 

Symptoms and Course.—The lids of the affected eye are swollen, 
reddened, hot, and painful to the touch. The swelling is generally 
very considerable; sometimes the lids are of board-like hardness, so 
that it is impossible to evert them, and scareely possible even to open 
the palpebral fissure. The conjunctiva as a whole is greatly swollen 
and reddened; in contrast with this general character are one or two 
places which are somewhat depressed, smooth, and of a grayish-yellow 
color, and often contain a few dirty-red speckled markings (ecchymo- 
ses). Such places are characteristic of diphtheria; they are the spots 
where the exudate deposited in the tissues is so excessive that it com- 
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presses the vessels, and so makes the tissue bloodless and pale. Ac- 
cording to the extent to which these spots are distributed we dis- 
tinguish two degrees of the disease. ‘he lighter cases are those which 
we call partial diphtheria (diphtheria en plaques). In this we find 
the diphtheritic spots in the conjunctiva (especially the palpebral con- 
junctiva), under the form of more or less big islands, between which 
lie the less affected portions of the membrane, which latter are merely 
much reddened and swollen and bleed readily, and are not gray and 
bloodless. In the severer cases, on the other hand, the diphtheritic 
foci increase rapidly in size and coalesce, so that the confluent form of 
diphtheria is produced. In this, then, either a very large portion of the 
conjunctiva, or even its entire surface, is uniformly gray and hard, just 
as it is after being intensely cauterized, ¢. g., by the action of quicklime. 

A thin liquid like whey flows off from the palpebral fissure. Small- 
sized diphtheritic patches are frequently found at the edges and angles 
of the lids, the nostrils, and the angles of the mouth; sometimes there 
is also a fully developed pharyngeal or nasal diphtheria. The little 
patients (for the disease attacks children almost exclusively) have a 
high fever and are greatly prostrated. 

The condition just described, which develops rapidly after a short 
period of incubation, is called the first stage of the disease, or stage of 
infiltration. It keeps up for from five to ten days, according to the ex- 
tent of the diphtheritic process upon the conjunctiva. Then the spots 
of diphtheritic infiltration begin gradually to disappear. Where the 
infiltration is not so very dense, resorption of the exudate occurs, but, 
in those spots from which the circulation has been altogether cut off 
by the infiltration, and the tissue has consequently mortified, the 
necrotic portions slough away. ‘Thus are produced losses of substance 
in the conjunctiva, which soon become covered with granulations such 
as cover a raw surface. Meanwhile the secretion has become more 
abundant and more purulent, for which reason this second stage is 
characterized as the stage of blennorrhea. The third stage is that of 
cicatrization, in which the granulating surfaces, that are produced by 
the sloughing off of the gangrenous portions of the conjunctiva, grad- 
ually grow smaller and are covered over with a new epithelial lining. 
Since the latte: change is effected by the drawing in of the neighbor- 
ing conjunctiva, the conjunctival sac as a whole is contracted ; fre- 
quently, too, in single spots adhesions are produced between the con- 
junctiva of the lid and that of the eyeball (symblepharon). ‘The more 
extended the diptheritic process, the more striking is the subsequent 
cicatricial contraction of the conjunctiva. 

Diphtheria is pre-eminently dangerous to the eye from the fact that, 
in all severe cases, there is a simultaneous affection of the cornea. This 
affection appears in the guise of a purulent inflammation of the cornea, 
occurring under forms like those which have been already described 
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under the head of acute blennorrhcea (page 51). ‘The greater the ex- 
tension of the diphtheritic process upon the conjunctiva, the more 
certain is corneal suppuration to occur. Indeed, in the confluent form 
of diphtheria, the cornea is always irretrievably lost. In less severe 
cases, the cornea may escape with a few opacities or even be quite un- 
injured. The prognosis, therefore, in respect to the preservation of 
sight in diphtheria of the conjunctiva is always serious; even as re- 
gards life itself it is sometimes unfavorable. Weakly children not in- 
frequently succumb to the severity of the general disease and to the 
high fever. Special danger springs from the fact that the diphtheritic 
process may develop, either at the same time or subsequently, in the 
mucous membrane of the nose, the throat, or the larynx, and can thus 
cause the child’s death. 

Etiology.—Diphtheria of the conjunctiva as a rule attacks children, 
and most frequently those between the second and eighth year of life. 
Adults are only exceptionally attacked, and then generally to a less 
marked degree. In its nature diphtheria of the conjunctiva is identi- 
cal with diphtheria of other mucous membranes; all kinds owe their 
origin to contagion. Accordingly, conjunctival diphtheria is chiefly 
observed at times when an epidemic of pharyngeal diphtheria is pre- 
vailing. Hence, too, it is found pre-eminently in those countries where 
diphtheria of all sorts is a frequent occurrence, it being thus especially 
prevalent in North Germany. Thus it is that we are indebted for the 
first exact description of the disease to Von Graefe, who, in Berlin, had 
an opportunity of observing many cases of diphtheria of the conjunc- 
tiva. In lands where diphtheria prevails, this disease appears either 
sporadically or as an epidemic. Moreover, at the time of an epidemic 
of diphtheria, other violent inflammations of the conjunctiva show a 
tendency to assume all at once a diphtheritic character. In Austria* 
severe cases of conjunctival diphtheria are a rare occurrence. 

Treatment.—In the first stage of the disease we must chiefly limit 
ourselves to careful cleansing of the eye, for which purpose the best 
thing for us to employ is a weak antiseptic liquid (solution of corro- 
sive sublimate, salicylic acid, or potassium permanganate). Cold com- 
presses, which would seem to be indicated by the great swelling and 
redness of the lids, must be apphed with much caution, so as not to 
depress still further the conjunctival circulation, already seriously em- 
barrassed by the diphtheritic infiltration. Hence, we very soon change 
these for warm compresses, which accelerate the resorption of the in- 
filtration as well as the separation of the slough. As soon as the second 
stage declares itself by its abundant purulent secretion, we begin the 
application of a nitrate-of-silver solution to the conjunctiva, in order 
to limit the secretion and bring the swollen conjunctiva back to its 
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normal state. In so doing we must at first proceed with great caution 
and use pretty weak solutions (one half to one per cent). In no case 
should such an application be made, as long as any gray spots of diph- 
theritic infiltration are anywhere to be seen, since the necrosis of the 
tissue would be promoted by the silver-nitrate solution. It would, 
therefore, be a gross mistake to apply the silver solution in the first 
stage of the disease. 

We keep on making the applications to the conjunctiva as long as 
the latter is red and swollen and discharges a copious secretion. Dur- 
ing the subsequent period of cicatrization we try to oppose, as far as 
possible, the formation of adhesions between the lids and the eyeball 
(doing this by frequently drawing the lid away from the eyeball, or by 
laying a pledget soaked in oil between the two); for adhesions once 
formed can be removed only by an operation. Complications affecting 
the cornea are to be treated according to the rules that will be given 
further on for purulent inflammation of the cornea in general. 

All operative procedures, whether upon the cornea or upon the 
lids, should be avoided in the first stage, as the wounds thus produced 
generally become diphtheritic too. Besides treating the eye, every 
attention should evidently be paid to the severe disturbance of the gen- 
eral condition; especially is it incumbent upon us to keep up the little 
patient’s strength in every possible way. 

In consideration of the very infectious character of diphtheria, our 
special aim must be prophylaxis. While acute blennorrhcea and tracho- 
ma exert an infectious action only through a transfer of the secretion, 
infection in diphtheria can, in all probability, occur simply by means 
of the air, without any direct transfer. Accordingly, we remove from 
the vicinity of the patient all persons who are not indispensably neces- 
sary for purposes of nursing; but most of all we insist upon the removal 
of children, who are particularly susceptible to infection. If diphtheria 
has attacked only one of the patient’s eyes, the other must be protected 
against infection by a carefully applied occluding bandage, just as in 
acute blennorrheea. 

The persons who have the care of the patient must be particularly 
charged to cleanse the hands carefully after touching the diseased eye, 
to destroy at once the materials employed in cleansing, ete. 


Croup and diphtheria are anatomical terms denoting definite forms of in- 
flammation. Croupous inflammation is characterized by the deposition of an 
exudate upon the surface of a tissue, where, by coagulation, it hardens into a 
membrane. The essence of the diphtheritic inflammation, on the contrary, con- 
sists in the exudation of a great mass of material within the tissue itself, together 
with consecutive necrosis of the latter. These two varieties of inflammation can 
be produced in different ways—that is, either by external irritants (mechanical, 
chemical, or thermic) or by the action of a special contagium. The former act 
by setting up an inflammation of a high degree of severity. Thus, by frequently 
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repeated cauterization with the nitrate-of-silver solution, we can produce a croup- 
ous layer upon the conjunctiva, and, by stillstronger applications, we can excite 
a diphtheritic inflammation with necrosis of the tissue in spots. The repeated 
application of the jequirity infusion produces first a croupous, afterward a diph- 
theritic, inflammation of the conjunctiva. These processes throughout their 
course are altogether local, and do not implicate the rest of the organism. Eti- 
ologically they are perfectly distinct from the true diphtheria of mucous mem- 
branes, which is produced only by a definite contagium. This form of diph- 
theria has associated with it, besides the local inflammation, severe poisoning 
of the whole body, to which the patients may succumb, even when the local 
symptoms are very trifling. Hence, to the same anatomical form of mucous- 
membrane inflammation correspond two groups of diseases, which are etiologi- 
cally quite distinct, and which can not be too sharply differentiated, the more 
so as mistakes can easily be made on account of their external similarity of 
appearance. I once saw a young man whose palpebral conjunctiva, besides 
marked inflammation, showed very extensive diphtheritic infiltration; a clever 
ophthalmologist had declared it to be true diphtheria, and had given an ex- 
tremely serious prognosis. Buta precise inquiry into the history of the case soon 
elicited the fact that excessive applications to the conjunctiva, made by a coun- 
try doctor, had set up this inflammation, which, when the applications were 
discontinued, very soon subsided. 

As regards croupous conjunctivitis, it is due to a contagium which, in oppo- 
sition to that of diphtheria, causes a purely local inflammation, and is probably 
identical with the infectious agent that produces simple conjunctival catarrh. 
Croup of the conjunctiva has nothing in common with croup of the larynx, 
which is regarded by many authors as a form of diphtheria peculiar to the air- 
passages. Diphtheria of the conjunctiva, on the other hand, is undoubtedly 
an inflammation caused by the diphtheritic contagium, and is analogous to 
diphtheria of the pharynx. A child with pharyngeal diphtheria, brought into 
a ward of a children’s hospital, has been known to produce a pharyngeal diph- 
theria in his right-hand neighbor, and a conjunctival diphtheria in his neigh- 
bor on the left. Arlt reports the case of a physician into whose eye some se- 
cretion spurted while he was examining a child sick with pharyngeal diphtheria; 
the eye, in spite of being immediately washed out, was destroyed by diphtheria 
of the conjunctiva. Conversely, a diphtheritic affection of the nose and throat 
can be induced in the case of a child with conjunctival diphtheria, as a result 
of the latter. The tears secreted by the diseased eye carry the contagium 
through the lachrymal duct into the nose, and from there may, by being swal- 
lowed, arrive in the throat and the stomach, and set up diphtheria in these locali- 
ties also, A common contagium lies at root of all these affections—a contagium 
which, perhaps, is to be looked for in Léffler’s Bacillus Diphtherie. 

The granulations developing after the separation of the diphtheritic slough 
are true granulations growing out of the losses of substance in the conjunctiva. 
They should, therefore, not be confounded with the so-called granulations of 
trachoma, which are simply overgrown conjunctiva still coated with epithe- 
lium. Hence, too, the subsequent cicatrization in diphtheria must be conceived 
of as something different from that of trachoma. In the former case we have 
to do with cicatrization in the ordinary sense—that is, with the formation of a pel- 
licle over a wound; in the latter case, with the gradual contraction of a mucous 
membrane, which has never had a wound upon its surface. This fact does not 
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prevent the subsequent results of cicatrization in the two cases from being pos- 
sibly the same in both cases; trichiasis, cicatricial entropion, even Got 
mos itself, are observed after diphtheria. 

In place of the simple expectant treatment of diphtheria in the first stage, 
Fieuzal has recommended an active form of treatment, consisting in the appli- 
cation of lemon-juice to the conjunctiva; and Leber has recommended the ap- 
plication of a one-per-cent solution of corrosive sublimate. 


VI. Consunctiviris LymMpHatica (ScRoFULosA, PHuyoct- 
ENULOSA). 


18. Symptoms.—In its simplest, typical form, conjunctivitis lym- 
phatica presents the following picture: A little red eminence, of about 
the size of a millet-seed, develops at some point upon the limbus of 
the conjunctiva. This is the efflorescence. In the beginning it is coni- 
cal, its apex being covered by the epithelium. of the conjunctiva. In 
a short time the epithelium at the summit of the efflorescence sepa- 
rates, and the tissue that lay beneath it breaks down, so that the apex 
of the cone, so to speak, melts away; and the cone itself bears on its 
top a minute gray ulcer, which thus lies above the level of the neigh- 
boring, healthy conjunctiva. By a continuation of the breaking-down 
process the cone at length disappears entirely, the ulcer sinks to the 
level of the conjunctiva, and speedily becomes clean and then covered 
with epithelium. Thus the ulcer heals, without a visible mark being 
left upon the conjunctiva. The whole process is completed in eight 
to fourteen days. 

As the efflorescence springs up, the adjacent part of the conjunc- 
tiva becomes hyperzemic, the injected vessels being directed from all 
sides toward the little nodule. Hence, the reddened portion of the 
conjunctiva shows the form of a triangular sector, the apex of which 
lies in the limbus and corresponds to the nodule. The remainder of 
the conjunctiva is perfectly free from congestion. 

The simplest type of conjunctivitis lymphatica, therefore, consists 
in the formation of a sharply circumscribed, nodular exudate, to which 
there corresponds an injected district of the conjunctiva. Conjunc- 
tivitis lymphatica is hence a focal affection of the conjunctiva of the 
eyeball, and is thus distinguished from all the varieties of conjunctival 
inflammation hitherto described, which are diffused inflammations, in 
that they extend in a uniform fashion over large sections of the con- 
junctiva. 

The clinical pictures which conjunctivitis lymphatica actually ex- 
hibits present modifications of the type above described, which differ 
most widely from each other. These modifications concern— 

(a) The number of the efflorescences. It is rare that we find but 
one of these; generally there are several, and not infrequently a good 
many, present at the same time. The fewer they are the larger they gen- 
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erally grow; in rare cases they almost attain the size of a lentil. When 
there are many nodules present they are small; often we find the entire 
limbus, or even the cornea itself, covered with very minute eminences, 
so that the surface of the eyeball looks as if fine sand had been strewn 
over it. Such very small nodules commonly disappear in a few days 
by resorption, without any preliminary disintegration. When multi- 
ple efflorescences are present, the injected portions of the bulbar con- 
junctiva belonging to the separate nodules become confluent, and the 
conjunctiva then appears reddened all over, so that the focal character 
of the disease is obscured, and declares itself only by the presence of 
separate nodular exudates. So, too, when the inflammation is great, 
the palpebral conjunctiva also participates in the injection, so that, in 
that case, conjunctivitis lymphatica is no longer an affection limited to 
the bulbar conjunctiva. 

(b) The site of the efflorescences may be not only in the limbus 
itself, but also exterior to the latter, in the anterior segment of the 
bulbar conjunctiva, and like- 
wise interior to the lmbus, 
in the cornea itself. In the 
latter are situated small gray 
nodules, which consist of an 
accumulation of round cells 
superficially disposed between 
Bowman’s membrane (Fig. 
23, B) and the epithelium 
(Fig. 23, #), which is bulged 
forward by them. By the 


Fic, 23..-EFFLORESCENCE ON THE CORNEA IN Con- 
JUNCTIVITIS LYMPHATICA (AFTER [WANOFF). 


The nodule which consists of cells lies between Bow- 
man’s membrane, B, and the epithelium, £, 


which latter is thus raised so as to form a prom- 
inence. In the epithelium we distinguish the 
lowermost layer of cylindrical cells, w, the mid- 
dle layer of polygonal cells, m. and the upper- 
most layer of flat cells, 0; scattered between 
the epithelial cells lie a few round cells, r, A 
nerve, 7, is seen extending through the paren- 
chyma of the cornea, C, and the corneal corpus- 
cles, K, up to the nodule. 


breaking down of the nodule 
there is produced in the cor- 
nea a loss of substance, which 
is quite shallow, affects mere- 
ly the epithelium, and heals 


without leaving a permanent 
opacity. Often, however, the affection assumes a more serious form, 
from the fact that the exudations have a tendency to spread farther in 
the cornea, extending either into the depth of the latter or along its 
surface. If the infiltration extends through Bowman’s membrane into 
the parenchyma proper of the cornea, an ulcer is produced, when it 
breaks down, which penetrates more deeply and can even perforate 
the cornea. In that case, after the ulcer heals, a permanent opacity 
remains. 

(c) The corneal ulcers which result from the efflorescences may 
assume a serpiginous character—that is, they may spread by a sort of 
creeping process along the surface of the cornea. In this way is pro- 
duced the vascular fasciculus (Fischer), which is also called keratitis 
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fascicularis, or, according to Stellwag, the herpetic bridge. This affec- 
tion begins by the development of a small ulcer out of an efflorescence 
at the rim of the cornea. After some days this ulcer becomes clean in 
its peripheral half—that is, in the part turned toward the corneal rim. 
At the same time, in accordance with the ordinary behavior of regress- 
ive corneal ulcers, blood-vessels develop, which run from the limbus to 
that edge of the ulcer that is healing, and which serve to keep up the 
process of cicatrization. But, in the mean time, that margin of the 
ulcer that is toward the center has remained infiltrated and gray. 
Inasmuch as at this place the infiltration and the subsequent purulent 
disintegration keep on extending, the ulcer constantly advances toward 
the center of the cornea, while on its peripheral side it heals equally 
fast, and draws the blood-vessels after it. The vascular fasciculus 
accordingly appears as a narrow red band formed of blood-vessels 
(hence the name), and extending from the corneal margin some dis- 
tance into the cornea. At its apex it bears a small gray crescent, the 
infiltrated, advancing margin of the ulcer. The arrest and recession 
of the process first occur when the ulcer is completely healed. Until 
this has taken place the vascular fasciculus can advance far into the 
cornea, to its center or even beyond it. The small ulcer, however, 
always remains superficial, and a perforation of the cornea due to it 
has never been observed. When the vascular fasciculus has at length 
come to a standstill, the vessels gradually disappear from it, and there 
only remains a superficial opacity of the cornea, which corresponds in 
shape to the long-drawn-out form of the vascular fasciculus. This 
opacity never clears up again completely, and hence, when found at 
any time during the whole subsequent life of the patient, enables us 
to diagnosticate the previous existence of a vascular fasciculus. 

(d) The severest cases of conjunctivitis lymphatica are those in 
which the exudation, starting from in front, makes its appearance 
in the deep layers of the cornea as a diffused deep-lying infiltration. 
We then find the cornea occupied to a considerable extent by an opac- 
ity of a uniform gray or yellowish color, becoming fainter toward the 
edges. This opacity is situated in the deep layers of the cornea; and 
the surface of the cornea over it is dotted with minute spots. In the 
bad cases the infiltrate, originally gray, becomes more and more yel- 
low, and finally breaks down into pus, so that an extensive loss of sub- 
stance is produced in the cornea. In the benign cases, on the contrary, 
the infiltrate gradually disappears again by resorption, and the cornea 
regains its transparency either wholly or in part. It is astonishing to 
what an extent even extensive infiltrates can undergo resolution. 

(e) Instead of appearing as separate circumscribed foci, the exudate 
may occur under the form of a continuous new formation of tissue 
upon the surface of the cornea—that is, under the form of pannus. 
This is called pannus scrofulosus, to distinguish it from trachomatous 


88 DISEASES OF THE EYE. 


pannus. It does not, like the latter, show a predilection for the upper 
part of the cornea, but develops from any spot whatever upon the cor- 
neal margin. It is ordinarily thin and not very vascular, and is quite 
disposed to undergo complete resolution. 

Conjunctivitis lymphatica is generally accompanied by abundant 
lachrymation. Mucous or muco-purulent secretion, on the contrary, 
such as occurs. in catarrh, is not present as a rule; hence the lids do 
not ordinarily stick together in the mornings. The only exception to 
this is formed by those old cases in which the inflammatory process 
has passed over to the palpebral conjunctiva, and has thrown it into a 
state of concomitant catarrhal inflammation. 

The subjective symptoms consist of photophobia and spasm of the 
lids (blepharospasm). Slight in some cases, in others they reach an 
extraordinary pitch; children creep into a dark corner of the room, 
bury their face in their hands, and struggle so violently against any 
attempt at opening their eyes, that the examination on the part of the 
physician is conducted under great difficulties. The intensity of these 
symptoms bears no definite relation to the severity of the disease; in 
fact, it is precisely in that form of corneal affection which spreads 
more extensively and penetrates more deeply, that the evidences of irri- 
tation are often pretty slight. The annoyance suffered, contrary to 
what takes place in conjunctival catarrh, is, generally speaking, greater 
in the morning than in the afternoon and evening. 

Course and Prognosis.—A single typical efflorescence upon the 
limbus passes through all its phases up to complete subsidence in 
eight to fourteen days. If several efflorescences are present, the pro- 
cess of cure requires a proportionately longer time. Nevertheless, the 
disease would not last so very long if it limited itself to a single attack. 
This, however, is but rarely the case. Usually, after a period of quies- 
cence, or even before the first attack of inflammation has quite run its 
course, the eye becomes red again, and new nodules shoot up in or near 
the limbus. ‘Thus the disease may, with longer or shorter intermis- 
sions, last on for months or years. Its beginning occurs in childhood ; 
the separate attacks, however, are often protracted until the time of 
puberty or sometimes even later; the affection being situated now in 
one eye, now in the other, then in both at the same time. Finally, 
the attacks become less and less frequent, and at length cease alto- 
gether. 

The constant wetting of the lids by the tears frequently leads to 
blepharitis, to eczema of the skin covering the lids, and, as a conse- 
quence, to ectropion of the lower lid. Excoriations are frequently pres- 
ent at the external angles of the lids, and blepharophimosis often 
develops later on. 

The prognosis of conjunctivitis lymphatica is favorable, in so far as 
the eye is but rarely rendered entirely blind by it. Superficial efflores- 
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cences disappear without leaving a trace behind; ulcers which penetrate 
into the parenchyma proper of the cornea leave permanent opacities, 
which, however, are in most cases thin and superficial (macule of the 
cornea). In persons who have gone through with many recurrences of 
conjunctivitis lymphatica the cornex often bear quite a number of such 
macule as signs of past attacks. Thus the sight is impaired, the patients 
being often incapable of doing fine work. In addition to this, chil- 
dren, in consequence of the frequently repeated inflammations of the 
eyes, fall behind in their physical and mental development. So, even 
if conjunctivitis lymphatica only in exceptional cases leads to blind- 
ness, it nevertheless does so much harm to those who are attacked by it, 
that we ought to strive to combat it with every means in our power. 

19. Etiology.—Conjunctivitis lymphatica is one of the most fre- 
quent of eye diseases, and it has its origin in the scrofulous diathesis. 
Like the latter it is a disease of childhood and youth. In very young 
children—those under the age of one year—it occurs but seldom, and 
it generally ceases at the time of puberty. Adults are attacked by it 
only in case they have carried the disease along with them from their 
childhood. ‘The enormous majority of children affected with conjunc- 
tivitis lymphatica belong to the poorer classes. Such children receive 
insufficient and unsuitable nourishment, live in damp, poorly ventilated 
dwellings, and are kept constantly dirty. Other children affected are 
those who, though once healthy, have become run down as a result of 
other diseases (scarlet fever, measles, typhoid fever, whooping-cough, 
etc.). Such children as these look either pale and thin, or bloated and 
flabby like a sponge. The glands at the lower jaw, in the neck, and 
in front of the ear, are swollen. Partly as a result of the suppuration 
of these glands, and partly as a result of the breaking down of the 
scrofulous infiltrations in the skin, ulcers and fistulous passages are 
produced, which require months and years for their cure, and leave 
characteristic and disfiguring scars behind. Patches of moist eczema 
occur at various spots upon the body, most frequently upon the face ; 
and the constant coryza, from which many of these children suffer, is 
to be attributed to an eczematous affection of the nasal mucous mem- 
brane. In the lids we find blepharitis. The nose and the upper lip 
are rendered thick by frequently recurring attacks of inflammation. 
More profound affections that occur are caries of bones (caries of the 
petrous bones appearing under the form of an otorrheea being frequent), 
tuberculosis, and, in girls, delayed and irregular menstruation. 

Some one of the above-mentioned symptoms of scrofula, and often 
several of them at once, accompany most cases of conjunctivitis lym- 
phatica. Sometimes, though rarely in comparison with the other 
cases, the disease is observed in an individual who otherwise is quite 
healthy, just in the same way that other indications of scrofula also 
occur at times as altogether isolated phenomena. 
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Therapy.—In the lighter cases the local treatment consists in the 
application of irritants, of which calomel and the yellow-precipitate 
ointment (Pagenstecher’s ointment) are most in use. The calomel in 
a finely powdered state is sprinkled in a thin layer upon the conjunc- 
tiva of the lower lid by means of a camel’s-hair brush ; the precipitate 
ointment (0-05 to 0°15 of yellow precipitate to 5-00 of fat), on the other 
hand, is introduced into the conjunctival sac by means of a glass rod 
or a brush, and is then rubbed about with the lids, so as to be dis- 
tributed over the whole conjunctiva. 

Both remedies are irritant in their action; the precipitate ointment 
more so than the calomel. Hence, in the beginning of the disease, 
where the eyes are in a marked state of irritation, it is best to employ 
calomel; and subsequently, when the inflammatory symptoms are 
diminishing, to replace this by the yellow ointment. ‘The remedies 
mentioned are to be applied only once a day. Both find a contra-in- 
dication in the presence of recent infiltrates or progressive ulcers in 
the cornea. In such cases, before having recourse to irritant remedies, 
we must wait, meanwhile employing atropine, until the process of in- 
filtration has subsided or the ulcer has become clean. Pannus and 
vascular fasciculi do not contra-indicate calomel or the yellow ointment. 
If under their use the vascular fasciculi can not be brought to a stand- 
still, we cauterize the advancing edge of the ulcer with the point of a 
delicate cautery-iron (or with a galvano-cautery or thermo-cautery 
point). In the case of ulcers of larger size covered with exudation, as 
well as in the case of deep infiltration of the cornea, moist and warm 
compresses, applied several times a day for one or two hours at a time 
over the closed eyes, prove most efficient. With regard to the treat- 
ment of deep ulcers and of the cicatrices that follow ulcers, the general 
rules set forth under the head of affections of the cornea are applica- 
ble. A bandage should be applied only in case of imperative necessity 
(e. g., when there are ulcers penetrating deeply into the cornea); other- 
wise its use had better be avoided. It hinders the ready escape of the 
tears which are so copiously secreted, and, as it very soon becomes wet 
through with the secretion, it is able to set up eczema of the skin of 
the lids. 

In conjunctivitis lymphatica, general treatment, conducted with due 
regard to the etiology, is of especial importance. The child’s nourish- 
ment should be strengthening and administered at regular hours. 
Care must be taken that the dwelling-place be dry and well ventilated, 
and the child should be sedulously kept out in the open air, irrespect- 
ive of any photophobia that may exist. Indeed, in any case, we must 
not yield too much to this symptom of photophobia, and it would be 
quite a mistake to keep children in a dark room just because they shun 
the light. As invigorating measures, spongings with cold water are of 
service ; also a sojourn in the country, especially at the mountains or 
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the sea-shore. After the acute inflammation has run its course, the use 
of brine-baths or of sea-baths is of great service in preventing relapses. 
Unfortunately, the carrying out of all these regulations is only too 
often frustrated by the force of circumstances and by the poverty of 
the patients. ’ 

The medicinal treatment of scrofula consists in the administration 
of cod-liver oil and of the preparations of iodine, iron, arsenic, and 
quinine. The sort of remedy employed and its dose must be adapted 
to each individual case. Furthermore, the cure of the eye disease is 
favorably influenced by treating any coexisting scrofulous affections, 
especially blepharitis, and also eczema of the face and of the nasal 
mucous membrane. In these affections the application of white-pre- 
cipitate ointment (one to two per cent) does good service. In blepha- 
ritis this ointment is smeared at night over the closed palpebral fissure. 
Eczematous spots upon the face are covered with a pledget of linen 
smeared with the ointment, and, to relieve eczematous coryza, the oint- 
ment is introduced from the anterior nares as far into the nose as pos- 
sible and rubbed in. For relieving moist eczema of the face, we can 
also employ with great advantage a five to ten per cent nitrate-of-silver 
solution, applied with the brush, after removal of the crusts, to the 
raw cutaneous surface, which thus becomes covered with a thin eschar, 
under which the raw spots heal rapidly. This application must be 
repeated at first daily, afterward at intervals of several days, and be 
kept up as long as crusts continue to form. 


Conjunctivitis lymphatica, like trachoma, rejoices in quite a number of 
synonymous titles, such as conjunctivitis phlycteenulosa, conjunctivitis pustulosa, 
herpes conjunctive (Stellwag), conjunctivitis exanthematica (seu eczematosa), 
(Desmarres, Horner, Michel). Most of these designations originate from the 
view that the efflorescence on the conjunctiva or cornea is a hollow vesicle filled 
with fluid (pAv«rawa [bladder], pustula, herpes-vesicle). But the efflorescence 
is in reality never a vesicle, but a solid, though soft, projection, which is formed 
chiefly by an accumulation of lymphoid cells (Fig. 23). The softening and 
liquefaction of this cellular mass do not begin in the interior of the projection, 
but at its apex, so that there is no formation of a cavity (vesicle or pustule), 
but a loss of substance (ulcer) occurs, lying upon the free surface at the apex. 
The name herpes cornez, moreover, can give rise to a confusion with true herpes 
cornee (herpes febrilis and herpes zoster, see § 42). The term conjunctivitis 
exanthematica or conjunctivitis eczematosa is based upon the notion that con- 
junctivitis lymphatica is an affection of the cornea, analogous to eczema of the 
skin. Even if it is not to be denied that this is possibly the case, nevertheless 
so far no certain proofs have been forthcoming for this assumption, so that up 
to the present time at least there is no warrant for designating the two diseases 
by acommon name. Perhaps it will not be possible to assign Conjunctivitis 
lymphatica its proper place with certainty until a micro-organism, which is 
characteristic of it, shall have been found; and already several different re- 
searches have been made in this direction (Gifford, Burchardt). 

The authors separate the lymphatic affections of the conjunctiva frem those 
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of the cornea; they speak of conjunctivitis and of keratitis phlyctenulosa, of 
herpes of the conjunctiva and of the cornea, according as the efflorescence is 
located upon the conjunctiva or the cornea. In this way, for mere love of sys- 
tem, a picture of disease that, clinically speaking, is a perfect whole is torn in 
two. In fact, we have here really but one single disease, which is localized 
sometimes in one place, sometimes in another. Frequently enough we find in 
the same eye, at the same time, an efflorescence in the conjunctiva; a second in 
the limbus, half in the conjunctiva and half in the cornea; and a third upon the 
cornea itself. Hence, in the foregoing description of the disease, the expression 
conjunctivitis lymphatica is employed for the disease in general, no matter upon 
what part of the surface of the eyeball it is localized. This can be done with- 
out doing violence to anatomy, inasmuch as the uppermost layer of the cornea 
must be looked upon as the continuation of the conjunctiva over the cornea. 
Accordingly, we can regard the involvement of the cornea in conjunctivitis 
lymphatica as an involvement of the ‘‘conjunctival layer” of the cornea. For 
the same reason pannus trachomatosus we regard as one of the symptoms of 
conjunctivitis trachomatosa, and not as an independent affection of the cornea. 

The differential diagnosis between conjunctivitis lymphatica and the other 
affections of the conjunctiva and cornea is, as a rule, easily made. The char- 
acteristic mark of the former lies in the focal character of the affection as well 
as in its localization upon and immediately about the cornea. Only one other 
variety of conjunctivitis, the conjunctivitis ex acne, shares this peculiarity with 
conjunctivitis lymphatica; but that disease is readily distinguished from the 
latter by the accompanying acne rosacea upon the face (see § 21). In vernal 
catarrh (§ 20), in which also little nodules occur upon the limbus, the palpebral 
conjunctiva, too, is diseased, and in a characteristic fashion. Of the diffuse 
inflammations of the conjunctiva, catarrh might be confounded with conjunc- 
tivitis lymphatica, For, in intense and obstinate cases of conjunctivitis lym- 
phatica the affection spreads to the palpebral conjunctiva, which may become 
very much reddened, swollen, or even velvety; in that case a mucous or muco- 
purulent secretion forms upon the conjunctiva. It is often difficult to dis- 
guish between such cases and catarrh, especially if just at the moment of exami- 
nation there are no characteristic efflorescences present upon the conjunctiva 
of the eyeball. Fortunately, a mistake in diagnosis does no harm, since, with 
such a condition of the conjunctiva existing, gentle cauterization with the ni- 
trate-of-silver solution is always indicated, no matter what the origin of the 
disease. The pustular form of acute conjunctival catarrh forms a sort of in- 
termediate stage between catarrhal conjunctivitis and conjunctivitis lymphatica 
(see page 41). 

Serofulous pannus is to be chiefly distinguished from pannus trachomatosus 
by the fact that an exact examination of the conjunctiva of the lids and of the 
fold of transition either discloses the changes of trachoma or establishes the fact 
of their absence. In regard to corneal ulcers, which have been preceded by 
the efflorescences of a conjunctivitis lymphatica, it is sometimes impossible to 
recognize the fact of this origin with certainty, except when the ulcer is located 
at the very margin of the cornea, and extends into the limbus conjunctive; 
corneal ulcers, as peripherally situated as this, occurring only in connection with 
conjunctivitis lymphatica. The vascular fasciculus can readily be confounded 
with an ordinary corneal ulcer, to which, in the course of healing, vessels have 
made their way from the limbus so as now to form a reddish-colored bridge 
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between the limbus and the ulcer. In sucha case there is no fear of the ulcer’s 
extending into the pupillary area of the cornea, and, after the ulcer heals, only a 
small, rounded macula is left, and not a long, opaque stria as in the case of the 
vascular fasciculus. The distinction between these two affections can be made 
as follows: In the vascular fasciculus, the advancing margin of the ulcer, in- 
filtrated with gray, is readily visible; the blood-vessels, as they run over the 
cornea, lie in the furrow which the ulcer has channeled in the course of its prog- 
ress—lie, therefore, at or below the level of the corneal surface. In the case 
of a simple ulcer connected with which there has been a development of ves- 
sels, this furrow and the opacity corresponding to it are wanting. 

In the treatment of conjunctivitis lymphatica, calomel plays the grcatest 
part. Since this remedy under its own form is insoluble in water, it was at 
first believed that a purely mechanical action should be ascribed to it (a scratch- 
ing open of the efflorescences, which were considered to be vesicles). But op- 
posed to this view is the fact that indifferent powders, for instance, finely pul- 
verized glass, which were also employed for inspersions, did not develop the 
same action. More recent investigations have proved that the action of calomel 
is a chemical one. The calomel powder, when sprinkled into the eye, remains 
a long time in the conjunctival sac; minute quantities of it are transformed by 
the sodium chloride contained in the tears into corrosive sublimate,* which is 
thus continually being formed in small quantities, and exerts a steadily con- 
tinued action upon the conjunctiva. According to others, calomel itself is, to 
a small extent, soluble in a salt solution such as the tears represent, and is hence 
efficient under its own form. If we undertake the inspersion of calomel in pa- 
tients to whom at the same time iodine is being administered internally, we not 
infrequently observe a strong corrosive action from the calomel; for the latter 
forms with the iodine excreted in the tears the very corrosive mercuric iodide 
(Schlifke). These two remedies, therefore, are incompatible with each other. 

A symptom that is especially tormenting for the patients is the photophobia, 
so often connected with conjunctivitis lymphatica. In many cases this persists 
obstinately for months. The parents then bring the children to the physician, 
with the statement that they have been ‘‘ blind” for such or such a number of 
weeks. The children offer the greatest resistance to the forcible opening of the 
eyes, especially when there are excoriations at the external commissure, which 
give pain, and are prone to bleed when the lids are separated. Hence, in such 
cases the palpebral fissure is to be opened cautiously and not too wide, so as to 
avoid making the struggles of the children still greater. The lids, and espe- 
cially the upper lid, are rendered oedematous by the constant blepharospasm, 
because the veins of the lids, which pass between the fibers of the orbicularis, 
are compressed by persistent contraction of this muscle. Furthermore, a state 
of inversion of the lids (entropion spasticum) may be induced by the violent 
way in which the eyes are screwed together. Finally, cases have been described 
in which children who have suffered for a long time from blepharospasm were 
perfectly blind after the disappearance of this symptom (Von Graefe, Schirmer, 
Leber, Samelsohn, Silex, Firstenheim). Such blindness is transient. As in 
most cases no objective changes were demonstrable as the cause of the blind- 
ness, no positive explanation for this can yet be assigned. 


i an remain in conté ri ar-fluic 
[* According to some. however, calomel can remain in contact with tear-fluid 
for an indefinite time without change.—D.] 
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In most cases the blepharospasm soon yields if the conjunctival trouble, 
which forms the basis of it, has been ameliorated by appropriate treatment. 
In case the spasm of the lid is particularly obstinate, Arlt’s ointment (0°5 gramme 
of extract of belladonna to 5:0 grammes of blue ointment) may be rubbed into 
the patient’s forehead and temples two or three times a day. Instillations of 
cocaine, pretty frequently repeated, or douching the entire surface of the body 
with cold water every day, are also frequently of efficacy. Finally, we can 
even perform the operation of splitting the external commissure (canthoplasty, 
see § 169), especially when the palpebral fissure has been abnormally contracted 
by reason of blepharophimosis. 

Herz has called attention to the fact that many children who suffer from 
conjunctivitis lymphatica are infested with head-lice, and that after doing away 
with these vermin the conjunctival disease, which hitherto may have been ob- 
stinate, often heals with surprising rapidity. He concludes from this that the 
irritation of the skin, sect up by the lice, is capable of exciting and of keeping 
up the affection of the conjunctiva. 


VII. VERNAL CATARRH. 


20. Symptoms and Course.—Vernal catarrh (Saemisch) is a chronic 
disease, persisting for years and setting up very characteristic changes 
in the conjunctiva, both of the tarsus and of the eyeball. The conjunc- 
tiva of the tarsus is covered with papille, which are broad and flattened, 
so as to make the conjunctiva appear like a rough, irregular street- 
pavement. Over the whole lies a delicate, bluish-white film, as if a 
thin layer of milk had been poured over the conjunctiva. The changes 
in the conjunctiva of the eyeball are still more striking, although not 
so constantly present. Growths arise from the limbus at the outer and 
inner side of the cornea, under the form of brownish, uneven, hard 
nodules of gelatinous appearance. ‘These extend partly into the trans- 
parent cornea for a short distance, and still farther in the opposite di- 
rection into the conjunctiva. In contradistinction to the nodules of 
conjunctivitis lymphatica, which break down so speedily, these nodules 
never ulcerate; on the contrary, they are very stable bodies, often last- 
ing for years with but slight variations in size. 

Quite as characteristic as the changes objectively preceptible are the 
statements given by the patients. They say that during the winter 
they experience little cr no annoyance from their eyes, but, as soon as 
the first warm days come in spring, the eyes begin to grow red and to 
water; the patients are greatly tormented by photophobia, and espe- 
cially by a constant itching in the eyes. The warmer the weather, the 
greater the intensity of the subjective troubles; conversely, the patients 
feel easier if, for instance, there occur in summer a series of cool, rainy 
days. In autumn the troubles once more abate, and during the cold 
season they disappear completely, only to begin anew in the following 
spring. The difference in the objective condition at different seasons 
of the year is considerably less than one would suppose from the great 
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change in the patient’s subjective state, and consists principally in the 
eyes being free from discoloration in winter and injected in summer, 
while the growths upon the conjunctiva appear but slightly smaller in 
winter than in summer. , 

Vernal catarrh is a pretty rare disease, chiefly affecting the male 
sex and the ages of boyhood and youth. Almost always both eyes are 
attacked by it. The disease generally keeps on making its return 
annually for three or four years, and often longer still, for ten or even 
twenty years, until finally it becomes extinct, without leaving any 
marked trace of its presence behind. The prognosis is therefore good 
as regards the ultimate outcome, but bad as regards the duration, as 
up to the present time we know of no remedy for curing the disease 
or for preventing its annual return. The cause of the disease is un- 
known. 

Inasmuch as we are unable to cure the disease, the treatment must 
be limited to the amelioration of the subjective symptoms. We com- 
bat the inflammation with the remedies used for acute and chronic 
conjunctival catarrh. For the itching and photophobia, cocaine in 
two-per-cent solution may be instilled. If the growths are of a con- 
siderable size they may be removed. 


Vernal catarrh is not a catarrh, as the not altogether suitable name chosen 
for it would indicate, but is a disease sui generis. It was first described by Arlt 
(1846), who regarded it as a peculiar variety of conjunctivitis lymphatica. Sub- 
quently Desmarres mentioned it under the title ‘‘hypertrophie périkératique,” 
Von Graefe as gelatinous thickening of the limbus, Hirschberg as phlycteena 
pallida. Saemisch first brought into prominence the characteristic exacerba- 
tion of the disease during the warm season, and therefore called it vernal 
catarrh, by which name it is at present commonly designated. Horner discov- 
ered the peculiar character of the tarsal conjunctiva, and thus completed the 
picture of the disease. 

The cause of the disease is unknown. Perhaps it depends upon a peculiar 
sort of micro-organism, for which, however, I like others have looked in vain. 
Some years ago I saw a ten-year-old boy who exhibited a particularly light form 
of the disease; only the right eye was affected, and in it there was only one 
small, though characteristic, nodule in the limbus, at the outer margin of the 
cornea. The tarsal conjunctiva of the upper lid was also diseased, but only 
in one single spot, and that at the place which, when the lids were closed, came 
into contact with the nodule upon the limbus. Here there was a very small 
area covered with broad, flattened papille, with dull, bluish-white surface. 
While looking at this, one could not get rid of the notion that here the spot 
that was first diseased (conjecturally the one upon the limbus) had infected the 
area of the conjunctiva tarsi, which lay opposite to it, and with which it came 
constantly in contact—a fact which might well indicate micro-organisms as the 
exciting cause of the disease. 

The papille on the tarsal conjunctiva are hard—sometimes as hard as car- 
tilage. I found them to consist of a sort of areolar connective tissue, with a 
peculiar, hyaloid degeneration of the cells of the connective tissue and of the 


96 DISEASES OF THE EYE. 


vessels. The epithelium covering the papillw is thickened, and to this is prob- 
ably due the macroscopically visible, bluish-white film upon the surface, which 
is characteristic of the disease. The growths upon the limbus consist of con- 
nective tissue, which is provided with very many cells and blood-vessels. Here, 
also, the epithelium is greatly thickened, and in places penetrates into the parts 
below, under the form of solid epithelial plugs (Horner, Vetsch). The growths 
are separated from the healthy cornea by sharply defined borders. In the cornea 
aslender gray stria, resembling the arcus senilis, may be seen, which runs parallel 
to the margin of the nodule, and is separated from it by a slender strip of trans- 
parent cornea. 

In the lightest cases, the growths upon the limbus are wanting, the changes 
upon the tarsal conjunctiva alone being found. The latter are, hence, more im- 
portant for the diagnosis of the disease. But in severe cases the growths upon 
the limbus reach a considerable extent. They sometimes even go entirely round 
the cornea, so that the latter is encircled by a high, hard wall. In two cases I 
have seen the cornea itself quite extensively attacked by the morbid process. 
The first case was that of a sixteen-year-old boy, in whom a layer resembling a 
pannus, but pale, gelatinous-looking, and devoid of vessels, shot out over the 
cornea from the thickened limbus. In spite of all attempts to check by thera- 
peutic measures the progress of the growth, the whole cornea was ultimately 
covered by it, and remained permanently clouded. In the second case, a Greek 
of thirty years of age, an analogous growth took place on the cornea of both 
eyes, although it did not cover the cornea completely, but left free on both 
sides a small central area, about corresponding to the size of the pupil. Accord- 
ing to Van Millingen, such cases not infrequently come under observation in 
Constantinople, where the disease appears to occur much more often than it 
does here. 

The second case is also of interest because it concerned a grown man, while 
the disease ordinarily occurs only in youth. Quite small children are also 
exempt from it; there is only one instance of a one-year-old child being observed 
to suffer from the disease. 

The growths in the limbus might lead to a confusion of vernal catarrh with 
conjunctivitis lymphatica, the papillxes upon the conjunctiva tarsi to a confusion 
with trachoma. The growths in the limbus are distinguished from the efflores- 
cences in conjunctivitis lymphatica, apart from their external appearance, chiefly 
by their unchangeable character during even a prolonged course of observation. 
The papillary outgrowths are most of all distinguished by their bluish-white 
coating, which is wanting in papillary trachoma. The history of the case is 
also of special importance in making the differential diagnosis. The extremely 
characteristic statements in regard to the fact of a return of the disease every 
year in the spring, often establish the correct diagnosis before we have even 
looked at the eye. In hay-fever, to be sure, there is also generally a return of 
the conjunctivitis every year in the spring (see page 41). But this recurrence 
is an acute one, and runs its course within a few weeks, while, on the contrary, 
the symptoms of vernal catarrh last during the whole of the warm season. At 
this time, too, the objective changes are at their acme. During the winter the 
eye becomes free from discoloration, and the growths at the limbus diminish 
somewhat in size—quite small growths, indeed, disappearing completely. On 
the other hand, the papille of the tarsal conjunctiva remain pretty nearly 
unaltered. 
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In the treatment of vernal catarrh I have found the instillation of a three- 
per-cent solution of boric acid and the inunction of a one to two per cent oint- 
ment of white precipitate, as recommended by Arlt, to be the most efficient 
means for alleviating the patient’s sufferings. More recently I have employed 
with success upon Van Millingen’s recommendation dilute acetic acid (one drop 
of acidum aceticum dilutum to ten to twenty grammes of water). 

Following the analogy offered by trachoma, some have tried to make the 
growths of the conjunctiva disappear by daily cauterization with the copper- 
stick. This attempt, however, has been as a rule unsuccessful. Some recom- 
mend, combined with the local treatment, internal treatment, especially with 
arsenic (De Wecker, Horner). 


VIII. Consunetivitis EXANTHEMATICA. 


21, Conjunctivitis exanthematica * is a collective name for all those 
inflammations of the conjunctiva which accompany exanthems of the 
skin. 

Among the acute ecanthemata, measles is regularly associated with 
a conjunctivitis. ‘This appears under the form of an acute conjunc- 
tival catarrh at an early stage (even before the eruption of the exan- 
them upon the skin), and generally disappears of itself after two or 
three weeks. In variola, small-pox pustules not infrequently develop 
upon the conjunctiva, generally upon the tarsal conjunctiva near the 
intermarginal line. Small-pox pustules which develop upon the con- 
junctiva of the eyeball, near the limbus, are dangerous from their set- 
ting up a purulent keratitis in the adjacent part of the cornea—a con- 
dition which should not be confounded with the corneal abscesses that 
develop metastatically in small-pox (see § 38). 

Among the chronic exanthemata, acne rosacea deserves the principal 
mention. In this cutaneous affection the conjunctiva is implicated as 
follows: A minute nodule forms, with moderate symptoms of irritation, 
upon the limbus. This efflorescence breaks down after some days, and 
the ulcer thus produced heals without leaving any visible cicatrix behind 
(Arlt). This affection bears the greatest resemblance to the simple 
typical picture of conjunctivitis lymphatica, and shares with the latter 
its peculiar tendency to frequent recurrence. On this account it 1s 
very tormenting to the patient. It is possible to make the differential 
diagnosis chiefly from the fact that conjunctivitis ex acne attacks only 
adults and those who are at the same time affected with acne rosacea. 
It is important, to make the correct diagnosis, since otherwise we might 
labor in vain to prevent the recurrences—a thing which can be done 
only by a suitable and long-continued treatment of the acne rosacea. 
The conjunctivitis itself is most speedily cured by inspersions of calomel. 


The conjunctivitis of measles sometimes takes on a blennorrheeal or even a 
diphtheritic aspect (without actually turning into true blennorrhea or diph- 


* Hxzanthema, from tvs, flower. 
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theria). In such cases the cornea is endangered. During convalescence in 
some cases of measles, when the conjunctival inflammation has already become 
pretty slight, I have observed numerous Meibomian glands, both on the upper 
and the lower lids, becoming inflamed and suppurating (hordeola meibomiana, 
see § 109). The purulent contents were evacuated partly through the orifices of 
the glands, partly upon the inner surface of the lid after breaking through the 
tarsus and the conjunctiva. 

Prmpurcus ConsuncTIv&.—In this disease the conjunctiva, although red- 
dened as a whole, displays one or two spots that are deprived of their epithe- 
lium and covered witha gray coating. While these spots are slowly undergoing 
cicatrization—a process attended with shrinking of the subjacent conjunctiva 
—other spots of the same nature appear in other places. Thus there is produced 
a constantly increasing cicatricial contraction of the conjunctiva, whose prog- 
ress, it is true, is very slow (extending over months and years), but is irresisti- 
ble. The conjunctiva becomes whitish, cloudy, dry, smooth, and tense. First, 
the folds of transition vanish, then folds make their appearance, stretching in a 
vertical direction from the lids across to the eyeball. The cornea, too, becomes 
cloudy and dry upon its surface. In the bad cases the lids at length become 
completely adherent to the eyeball, so that the cornea is permanently covered 
by the lids and the eye is incurably blind (symblepharon totale). Hence, the 
prognosis of pemphigus is very unfavorable—the more so as both eyes are always 
attacked. 

Pemphigus of the conjunctiva is generally found in conjunction with erup- 
tions of pemphigus vulgaris upon the skin, That, with rare exceptions, no 
bulle are found upon the conjunctiva as they are upon the skin, is explainable 
from the’ anatomical character of the latter. Its epithelium is so soft and deli- 
cate that it can not, like the epidermis, be lifted up in broad layers by serous 
exudation, but ruptures and is thrown off in the form of shreds; hence, the 
raw spots upon the conjunctiva, which soon become covered with a gray coat- 
ing, as is so frequently the case in wounds of mucous membranes. But there 
is also a variety of pemphigus conjunctive, in which the skin is healthy, while 
the mucous membrane of the mouth and nose is affected with pemphigus, and 
pemphigus of a type resembling that of the conjunctiva. Finally, there ere 
cases in which a conjunctival lesion of the kind just described exists without 
pemphigus being present elsewhere in the body. That such cases as these, 
which were first described by Von Graefe as essential phthisis of the conjunc- 
tiva, are also to be ascribed to pemphigus, is not certain, though probable. 

Treatment has no power to restrain the process. Arsenic is administered 
internally for the pemphigus ; and to make the patient easier, mucilaginous 
remedies are instilled into the eyes as in xerophthalmus (see § 16). Transplan- 
tation of pieces from another mucous membrane into the conjunctival sac may 
be tried in order to replace the conjunctiva that has been destroyed. 

Lupus Conyunctiy#,—Lupus of the skin sometimes is continued over the 
edges of the lids upon the conjunctiva. In this situation it appears as an ulcer, 
the bottom of which is covered with granulations in which tubercle bacilli can 
be made out. Lupus of the conjunctiva must therefore be regarded as a tuber- 
culous disease, for which reason reference for further details must be made to 
the article on tuberculosis of the conjunctiva (§ 23). 

In the case of other exanthemata, too, for instance in macular and papular 
syphilides, in pityriasis, psoriasis, herpes iris, lepra, etc., the conjunctiva is 
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sometimes characteristically implicated. In lepra, nodules generally develop 
near the margin of the cornea, and subsequently grow down into the subjacent 
sclera and also upon the cornea; when upon the latter they not infrequently have 
the appearance of a new growth. There is an associated iritis sometimes com- 
bined with the formation of lepra nodules in the iris. The nodules in the dif- 
ferent parts of the eye finally break down, and the eye is lost. 


AMYLOID DEGENERATION OF THE CoNJUNCTIVA.—This rare disease has 
hitherto been observed only in Russia and the countries adjacent, and was first 
described by Oettingen in Dorpat. It consists in a peculiar degeneration of 
the conjunctiva, by reason of which the latter becomes yellowish, translucent 
like wax, non-vascular, and very friable. With this there is associated a con- 
siderable thickening of the membrane, so that it forms large swellings which 
look like new growths. The affection begins in the fold of transition, and 
from this passes over to the conjunctiva of the eyeball and of the lids; in the 
lids the tarsus also is subsequently implicated in the degeneration. In a case 
that has lasted a long time the following clinical picture is found: The patient 
can not open the eye because the two lids, transformed into large, misshapen 
swellings, cover it up. If the lids are drawn as far apart as possible, the wax- 
like conjunctiva is seen rising up under the form of a rigid prominence all about 
the cornea, which latter is either clear or is covered by pannus. Thick swell- 
ings, belonging to the fold of transition, protrude between the lids and the eye- 
ball; the plica semilunaris also is enlarged until it forms a misshapen mass. 
These various swellings are so friable that they often tear when an attempt is 
made simply to separate the lids for examination, although in so doing they 
bleed very little. The disease runs a very chronic course, dragging on for 
years without any real inflammatory symptoms, until at length the patient is 
deprived of the use of his eyes by his inability to open the misshapen lids. 

Microscopic examination has shown that the degeneration of the conjunc- 
tiva originates from the subconjunctival cellular tissue. This at first is found 
to be very abundantly infiltrated with cells (adenoid proliferation); then hyaline, 
followed by amyloid, degeneration of the tissue elements sets in in the altered 
mucous membrane (Raehlmann). In doubtful cases the chemical reaction of 
amyloid renders the diagnosis certain, Finally, calcification or ossification may 
take place in the degenerated mucous membrane. 

The disease attacks people in middle life, and ordinarily both eyes are 
affected. Very frequently amyloid degeneration is preceded by trachoma of 
the conjunctiva, which, however, should not be regarded as the cause of the 
affection, inasmuch as the latter can develop in eyes that previously were 
healthy. The actual cause of the disease is not known. In every instance it is 
a purely local process, for the individuals attacked by it are sound as far as the 
rest of the body is concerned, and do not suffer from amyloid degencration of 
the internal organs, with which, therefore, amyloid degeneration of the con- 
junctiva has nothing at all to do. 

Medical treatment is powerless against this disease. We must confine our- 
selves to removing the growths upon the conjunctiva to such an extent that the 
lids can be opened and vision thus rendered possible. It is by no means neces- 
sary, indeed it is not at all advisable, to remove by a radical operation all the 
diseased parts, since the portion of the growth that is left behind generally 
atrophies of itself afterward. 
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IX. INJURIES OF THE CONJUNCTIVA. 


22. The following varieties of injuries of the conjunctiva, which 
are of such frequent occurrence, are observed : 

(a) Foreign bodies in the conjunctival sac. Small-sized foreign 
bodies, like grains of dust, particles of coal or of ashes, which so often 
get into the eye during a railroad journey, the wing-cases of small 
beetles, etc., fall first upon the surface of the eyeball, are brushed away 
from this spot by the movements of the upper lid, and then generally 
stick to the inner surface of the latter at a spot not far from its free 
border, where a shallow furrow, the sulcus subtarsalis, runs parallel to 
the edge of the lid and catches the foreign body. The pain which such 
a foreign body causes, and which is often quite considerable, does not 
originate in the conjunctiva itself, which has very little sensitiveness, 
but in the cornea, inasmuch as with every movement of the lid the 
foreign body is carried over the cornea and scrapes it. Hence the 
pain is absent as long as the eye is kept quietly closed. It is easy to 
remove the foreign body after the lid is everted. 

In other cases, small, sharp-pointed foreign bodies penetrate into 
the conjunctiva, and may remain there along time. Grains of pow- 
der remain fixed in the conjunctiva of the eyeball without giving rise 
to any further irritation, and may, therefore, be left in the conjunctiva. 
Larger-sized foreign bodies are retained in the conjunctival sac only 
when they get into the upper fold of transition. In this spot they stay, 
remaining still even during the act of winking, cause no irritation of 
the cornea, and therefore produce but little trouble. After some time 
has elapsed they begin to excite the symptoms of chronic conjunctival 
catarrh. 

(d) Solutions of continuity of the conjunctiva are not rare, and 
often associated with extensive infiltration of blood (ecchymosis). If 
the edges of the wound are not too greatly lacerated, the conjunctival 
wound can be closed with a stitch. 

(c) Burns of the conjunctiva and injuries by caustics are pretty 
frequent. Burns are the result of hot water or steam, hot ashes (espe- 
cially cigar-ashes), exploding powder, flames striking against the eye, 
molten metal, etc. Of the injuries by caustics, which may be produced 
both by acids and by alkalies, those that arise from the action of lime 
are the most frequent, the lime getting into the eye usually under the 
form of mortar. 

The action of burns is the same as that of caustics; the conjunc- 
tiva at the affected spots is destroyed and converted into an eschar. 
These spots stand out as gray or white patches in the midst of the 
reddened and swollen portions of the conjunctiva that are not eschar- 
otic. The eschars separate in consequence of a delimiting suppura- 
tion, and the resultant granulating losses of substance in the conjunc- 
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tiva heal by a drawing in over them of the neighboring healthy con- 
junctiva. The final result is, therefore, always the formation of a 
cicatrix. This can lead to a diminution in size of the conjunctival 
sac, or, if of great extent, to adhesion of the lids to the eyeball (sym- 
blepharon). , 

The prognosis of an injury by burns or caustics with regard to the 
preservation of sight, depends primarily upon the condition of the cor- 
nea, which, indeed, is always simultaneously affected when there is an 
extensive lesion of the conjunctiva. 

Next, although of secondary consequence, the losses of substance 
in the conjunctiva itself must be considered, inasmuch as the adhesions 
that develop from them may cause subsequently more or less disturb- 
ance of the function of the eye. 

The prime therapeutic requisite, when we get an eye under treat- 
ment a short time after it has been injured by caustics, is the com- 
plete removal of any corrosive substance that may still be present. We 
remove solid particles with a pledget of linen or with a forceps, and 
then wash the conjunctival sac out thoroughly. For this latter pur- 
pose we use, as far as possible, such solutions as shall neutralize the 
corrosive substance or render it insoluble, and so put a stop to its in- 
jurious action. In the case of caustic alkalies we do not use water, but 
milk. In burns produced by lime our best plan is to wash the eye out 
with oil and afterward to drop in a concentrated solution of sugar, 
since cane-sugar forms with lime an insoluble compound. 

In the further course of an injury produced by burns or caustics, it 
is incumbent upon us to restrain the subsequent inflammation by 
means of cold compresses, atropine, the application of a bandage, etc. 
After the separation of the eschars, our aim must be to confine the 
resulting adhesions within the smallest possible limits. For this pur- 
pose we repeatedly draw the lids away from the eyeball in order to 
prevent the adhesion of the two opposite raw surfaces. If the loss of 
substance extends so far as to implicate the fold of transition, an adhe- 
sion between the lid and eyeball, starting from the fornix (symble- 
pharon posterius), can not in any way be avoided. Such an adhesion 
must be removed, as far as can be done, afterward, by operative meas- 
ures. 

Sometimes foreign bodies are introduced into the eye purposely. Chief 
among those thus used are what are called crab’s-eyes—the lapides canerorum. 
These are flat, calcareous concretions derived from the stomach of the crab, 
which are in great favor among the laity as a means of removing foreign bodies 
from the eye. The crab’s-eye is introduced between the lid and the eyeball, 
and then is pushed across the cornea, carrying with it, it may be, mechanically 
any foreign body that may be there.* Sometimes it happens in the perform- 


[* In this country eye-stones (the flat opercula of certain Mollusca) are used for 
the same purpose.—D. ] 
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ance of this manipulation that the crab’s-eye slips into the superior fornix and 
remains there unnoticed. We may then find it there months or even years 
afterward, entirely imbedded in the outgrowths of the conjunctiva, which has 
undergone chronic inflammation. Foreign bodies, such as sand, ashes, and the 
like, are also intentionally introduced, for the purpose of simulating an eye dis- 
ease, into the eye, where they set up a conjunctival catarrh. 

After the action upon the eye of irritant substances, consisting either of 
acrid vapors or of liquids which are injected into it, an acute traumatic con- 
junctivitis is produced, evidenced by intense reddening of the conjunctiva 
with great photophobia, lachrymation, and pain, with which is associated in 
violent cases an cedematous swelling of the lids. A similar picture is presented 
by that variety of conjunctivitis which occurs after the action of intense light 
upon the eye, as, for example, after dazzling by the reflection from snow (snow- 
blindness), or by the electric arc-light. In violent cases of this sort there are 
found, besides the inflammation of the conjunctiva, contraction of the pupil 
and also slight opacities and erosions of the cornea. These symptoms, like the 
erythema of the skin occurring as a result of insolation, are produced by the 
action of the ultra-violet, chemically active light-rays (Widmark). These cases 
of traumatic conjunctivitis, in spite of the violent symptoms which they present 
in their beginning, generally get well within a few days without further bad 
results. 


X. ULCERS OF THE CONJUNCTIVA. 


23. Among the morbid processes which lead to the formation of 
ulcers upon the conjunctiva, tuberculosis of the conjunctiva requires 
special mention. ‘Tuberculous ulcers are located as a rule in the tarsal 
conjunctiva. The diseased lid even on external inspection looks thick- 
ened. In everting the lid there appears upon its conjunctival surface 
an ulcer which is either covered by grayish-red granulations, or has a 
yellowish-red, lardaceous-looking base. In its vicinity small gray nod- 
ules (tubercle nodules) are often found in the conjunctiva. The ulcer 
shows no disposition to heal; on the contrary, it spreads, although it 
does so very slowly. It may pass over to the conjunctiva of the eye- 
ball; and even the cornea is sometimes covered over by a sort of pan- 
nus. In especially severe cases the ulcer does not remain confined to 
the conjunctiva, but eats through the entire thickness of the lid, so 
that even on external examination a deficiency of tissue is observable 
in the lid. Quite early in the disease the lymphatic gland in front of 
the ear becomes swollen ; afterward, the lymphatic glands about the 
lower jaw and in the neck also become enlarged. The clinical picture 
afforded by the disease is thus pretty characteristic, although the diag- 
nosis is to be considered as established only when fragments of tissue 
have been removed from the ulcer, and tubercle bacilli have been 
proved by the ordinary methods to exist in them. 

Tuberculosis of the conjunctiva generally attacks only one eye. 
The patient does not suffer pain; it is only by the swelling of the lid, 
the purulent secretion, and subsequently by the diminution of visual 


DISEASES OF THE CONJUNCTIVA. 103 


power, that he is annoyed and made aware of the existence of his 
trouble. The disease occurs, almost without exception, in young people, 
and runs an uncommonly chronic course, being often protracted over 
many years. Even after an apparently radical cure it shows a great 
tendency to recur, and it can, by infecting the rest of the organism, 
finally lead to the patient’s death from tuberculosis. The treatment 
in the cases where a complete removal of all the diseased parts seems 
still possible, consists in the radical excision or curetting of the ulcer 
with a subsequent thorough cauterization of the raw surface. The 
wounds made by the operation are strewn every day until they are 
completely healed with finely powdered iodoform, a remedy which just 
in tuberculous processes proves to be of particular efficacy. 


Tuberculosis and lupus of the conjunctiva are to be looked upon as affections 
which are identical in their essential character, in so far as both represent ulcer- 
ative processes which are produced and maintained by the presence of tubercle 
bacilli. In fact, the first cases of tuberculous ulcers of the conjunctiva were de- 
scribed as primary lupus of the conjunctiva (that is, lupus of the conjunctiva 
without any coincident lupus of the skin) (Arlt). The two processes are dis- 
tinguished only by external points of difference relating to their outward aspect 
and their course. Thus, as a rule, lupous are distinguished from tuberculous 
ulcers of the conjunctiva by the fact that they have migrated from the skin to 
the conjunctiva, and that, like lupus of the skin, they show a spontaneous cica- 
trization on one side, while on the other the ulcer keeps advancing. 

Tuberculosis of the conjunctiva may be primary or secondary. It is pri- 
mary if no sign of tuberculosis is present in the rest of the body at the time 
when the affection of the conjunctiva begins. In that case tuberculosis of the 
conjunctiva represents a purely local affection which has, without doubt, been 
excited by direct infection of the conjunctiva. A particle of dust containing 
bacilli gets into the conjunctival sac, and with its sharp angles produces a small 
superficial lesion of the conjunctiva which is thus infected (tubercle bacilli not 
penetrating into the conjunctiva when the epithelium is intact, according to 
the researches of Valude). In favor of an infection of this sort is the fact that 
we see tuberculous ulcers so frequently beginning in the region of the sulcus 
subtarsalis, where small foreign bodies are most readily retained. Primary 
tuberculosis of the conjunctiva may remain for a long time confined to the lat- 
ter; indeed, in exceptional cases it may even heal spontaneously; the rule, 
however, is for tuberculosis to spread from here to the other parts of the organ- 
ism. This extension may take place by way of the lymphatic circulation, the 
neighboring lymph-glands becoming first affected with tuberculosis. Or, the 
disease may extend by continuity, the lachrymal passages first and subsequently 
the nasal mucous membrane being infected by means of the tears which contain 
bacilli. : 

Those cases of conjunctival tuberculosis are to be regarded as secondary in 
which either there is at the same time an evident tuberculosis of the internal 
organs (especially of the lungs), or in which tuberculosis is transmitted to the con- 
junctiva from places in its vicinity. A tuberculous affection of the nasal mucous 
membrane may be transferred to the conjunctiva by way of the lachrymal pas- 
sages. Not infrequently, therefore, we find conjunctiva, lackrymal sac, and 
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nasal mucous membrane attacked at the same time by tuberculosis, and a care- 
ful study of the history of the case and an exact examination generally render 
it possible to make sure whether the affection has passed down from the 
conjunctiva to the nose or vice versa. It is of the greatest importance for 
the prognosis and treatment to determine whether tuberculosis is confined to 
the conjunctiva or not. In the former case we would regard the operation of 
removing thoroughly all the diseased parts as of very great value, since by it the 
patient may be permanently relieved of his tuberculosis; while in the second 
case a radical cure is not to be thought of. 

Ulcers of the conjunctiva, besides occurring as a result of tuberculosis, are 
also observed in the following conjunctival affections: 

(a) As one of the symptoms of a conjunctivitis, an example being the mi- 
nute ulcers originating in the efflorescences of conjunctivitis lymphatica or those 
which have given its name to the pustular form of catarrh. 

(6) After the separation of necrotic portions of the conjunctiva, as in diph- 
theria, or after burning of the conjunctiva with heat or caustics. Here belong 
also the eschars produced artificially by the use of too strong applications. 

(c) As a result of exanthemata; ulcers, for instance, which are derived from 
a variolous pustule or from the rupture of a bulla of pemphigus upon the con- 
junctiva. 

(d) Upon the tarsal conjunctiva there is quite often found a small raw spot, 
from which rises a little mass of granulations. Here we have to do with a 
chalazion which has broken through on the inner side of the lid. Asarule, a 
slender sound can be introduced through the granulations into the cavity of the 
chalazion. 

(e) I have seen in some cases on the conjunctiva of the eyeball or the plica 
semilunaris, ulcers covered with a thick layer of pus, which were of acute origin. 
These were accompanied by violent inflammatory symptoms in the conjunctiva, 
and by swelling of the lids and of the lymph-gland in front of the ear, and 
were associated with quite considerable pain. It seems to me that these should 
be attributed to infection from without, produced perhaps by the stings of in- 
sects or by small infected foreign bodies. 

(f) Ulcers which have developed from the breaking down of epitheliomata 
of the conjunctiva. 

(g) Syphilitic ulcers. Generally we have here to do with those losses of 
substance which have arisen from the breaking down of an initial sclerosis. 
These, as a rule, are situated near the free border of the lids, but are also ob- 
served in the fold of transition and even in the conjunctiva of the eyeball. The 
transmission of syphilis appears to take place most frequently by kissing, and 
in small children also by the practice which many nurses have of moistening 
the agglutinated edges of the lids with saliva in order to open them. Occasion- 
ally, also, syphilitic ulcers have been observed, which were produced by the 
breaking down of gummata of the conjunctiva (Hirschberg). Syphilitic ulcers 
of the conjunctiva are among the greatest of rarities. 


XI. Preryeium. 


24. Symptoms and Course.—A pterygium is a triangular fold of 
mucous membrane which extends from the conjunctiva of the eyeball 
to the cornea, either at the inner or the outer side of the latter (Fis. 
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24). The apex of the triangle lies in the transparent portion of the 
cornea, and is solidly and immovably united to it. The base of the 
triangle spreads out in the conjunctiva of the eyeball, and passes into 
it without there being any sharp line of division between the two. 
The apex is called the head, the base the body, of the pterygium. The 
part that lies between the two and corresponds to the margin of the 
cornea is the neck of the pterygium. Here the limits of the fold of 
conjunctiva are the most sharply defined, as its borders are rounded in 
in such a way that a small sound (8, 
Fig. 24) can be pushed beneath 
them for a short distance. <A 
pterygium of recent origin is suc- 
culent, and abounds in vessels 
which run converging from the 
base to the apex and impart to the 
pterygium its red color. In fact, 
from its similarity in form and 
vascularity (venation) to the wings 
of many insects (Hymenoptera), 
the name of pterygium is derived.* 


The fold of conjunctiva forming Fic, 24.—Preryaium. 

the pterygium is tightly stretched, *“teryghim, P. ‘The dotted line shows the 
so that there are produced a mum- PAF whet the section is made re 
ber of radially disposed furrows _ saiacent pica femitunaris has been at, 


or flutings; furthermore, in ptery- eed Mee a er nor invisible. P, 
gia which are situated at the in- 

ner side of the eye, the plica semilunaris is often quite obliterated and 
is included in the body of the pterygium (Fig. 24). 

A pterygium pushes its way quite slowly, with moderate symptoms 
of irritation, toward the center of the cornea, which, in the course of 
months or years, it may finally reach or even pass (progressive pte- 
rygium). Finally, the pterygium comes to a standstill; it grows paler 
by the gradual disappearance of its vessels, until it is at last converted 
into a thin, white, tendinous-looking membrane (stationary pterygi- 
wm). It is particularly important on therapeutic grounds to distin- 
guish sharply between these two stages—i. e., the progressive and the 
retrogressive stages in the development of pterygium: a progressive 
pterygium is thick, very vascular, and consequently red; a retrogressive 
pterygium is thin, pale, nearly devoid of vessels, and tendinous. 

Pterygium occurs only in elderly people.t It is found most fre- 
quently on the inner side of the cornea; when there is one in this spot 
already, another may form on the outer side also. The two pterygia 


* From [mrepdyiov, the diminutive of] wrépvt, a wing. 
+[But, in this country at least, is sometimes found in comparatively young 
people.—D.] 
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may even meet in the center of the cornea. A genuine pterygium is 
practically never observed at the upper or the lower margin of the cor- 
nea; on the other hand, it is not infrequently the case that both eyes 
are attacked simultaneously by pterygium, so that we sometimes see 
patients who have four pterygia, one on the outer and one on the inner 
side of either cornea. 

Among the injurious results which a pterygium entails the worst 
is the damage done to the eyesight. This begins to be produced as 
soon as the point of the pterygium projects into the pupillary area of 
the cornea, and it increases in proportion as the point approaches the 
center of the latter. Moreover, in the progressive stage, pterygium is 
associated with a condition of constant irritation in the eye; and, in 
addition, the red membrane forms a striking disfigurement and can 
also cause a restriction of the mobility of the eye. If, for example, a 
pterygium is situated on the inner side of the cornea and the eye is 
meant to be turned strongly outward, the eye may be restrained in its 
movement by the tension of the pterygium, and therefore fail to move 
laterally as far as the other or healthy eye, so that binocular diplopia 
may be produced in consequence of this faulty placing. 

A stationary pterygium, which is small and does not extend to the 
pupillary area of the cornea, does not entail any serious disadvantages 
to the person who has it. Stationary pterygia of larger size cause, 
like progressive pterygia, disturbance of vision and restriction of the 
mobility of the eye. 

Etiology.—A pterygium is nothing but a fold of conjunctiva drawn 
up over the cornea and fastened to it. It originates from the pinguec- 
ula, the degenerative process which exists there making its way into 
the limbus and then gradually upon the cornea itself. The pinguecula, 
therefore, grows up, as it were, over the cornea, and in so doing draws 
the conjunctiva after it. The advancing degeneration can be recog- 
nized at the apex of a recent pterygium as a narrow, gray, non-vascu- 
lar, gelatinous-looking zone, which forms the anterior border of the 
pterygium, and is quite sharply separated from the transparent cornea. 
Since the pterygium originates in the pinguecula, it is evident why, 
like the latter, it should occur only at the inner and outer margins of 
the cornea. And as the pinguecula develops in consequence of the 
injurious influences which the conjunctiva in the region of the pal- 
pebral fissure is exposed to in the course of years, the like is true of 
pterygium and in a still greater degree. Hence it is found only in 
elderly people, and in them especially when they are much exposed to 
wind or dust, as in the case of country people, coachmen, masons, 
stone-cutters, etc.; while among the well-to-do classes pterygium be- 
longs among the rarities. The forcible traction which the conjunctiva 
exerts upon the cornea explains the triangular form of the fold, its 
incurved margin, and its great tension in a horizontal direction. 
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Treatment.—The treatment of pterygium consists in its ablation by 
Arlt’s method. With a toothed forceps we grasp the pterygium at its 
neck, where the incurving of its margin permits it to be partially lifted 
from its bed. Starting from this point we carefully dissect off the 
head from the cornea, upon which it lies, keeping close to the line of 
division between the tissue of the pterygium and the cornea. When 
the whole of the head as far as the limbus has been separated from the 
cornea, we circumscribe this segment by carrying from the upper and 
lower margins of the neck two converging incisions into the body of 
the pterygium (the dotted line, Fig. 24). In this way a rhomboidal 
piece, containing the head and part of the body, is excised and a raw 
surface remains, one portion of which lies in the cornea, the other in 
the conjunctiva of the eyeball. This last is covered by uniting the 
upper and lower margins of the section by means of one or two inter- 
rupted sutures. The wound in the cornea heals by a cicatrix forming 
over it, in consequence of which a permanent opacity remains. Care 
in sewing up the conjunctival wound is of the greatest importance, 
especially in the neighborhood of the limbus, as otherwise the conjunc- 
tiva grows anew over the raw surface of the cornea, and thus the pte- 
rygium recurs. 

Ablation is indicated in every case of progressive pterygium. Even 
though the pterygium is still small, we can not be sure that it will not 
grow on into the pupillary area of the cornea. Hence we prefer by per- 
forming ablation to guard in time against injury to the eyesight. If 
the pterygium has approached sufficiently near the center of the cornea 
to cause disturbance of vision, this disturbance is indeed rendered less 
by the operation of ablation, but is not completely done away with, 
since those spots of the cornea, which were occupied by the pterygium, 
never again become perfectly transparent. In any case, the associated 
symptoms of irritation, the restriction of mobility, and the disfigure- 
ment are removed by the ablation. <A stationary pterygium does not 
necessarily require ablation; in this case we shall be guided mainly by 
the wishes of the patient with reference to the removal of the disfig- 
urement, etc. 


The older writers distinguished a pterygium crassum (vasculosum, carno- 
sum, sarcomatosum) and a pterygium tenue (membranaceum). The former 
corresponds to the progressive, the latter to the retrogressive pterygium. These 
designations in fact do not refer to different varieties of pterygium, but to dif- 
ferent stages of the same pterygium. A pterygium has been shown to be his- 
tologically identical with the conjunctiva of the eyeball, of which indeed it 
is only a projecting fold. In consists mainly of fibrillar connective tissue, 
which, as far as the apex, is covered with the epithelium of the conjunctiva. 
Imbedded in the tissue of the pterygium are found spots which indicate the 
degenerative process that is the characteristic feature of the pinguecula. Bow- 
man’s membrane, in the place where the pterygium covers the cornea, 1s de- 
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stroyed; indeed, the uppermost lamelle of the cornea even are replaced here 
and there by the tissue of the pterygium. This explains why, even after the 
ablation of the pterygium, the cornea does not regain its normal transparency. 

Arlt deserves the credit of having made the operation for pterygium a suc- 
cess by demonstrating the necessity of closing the conjunctival wound. Pre- 
viously people had been satisfied with simple ablation, and had so frequently 
had recurrences after this operation, that with many it had altogether fallen 
into disrepute. In very broad pterygia it is difficult or impossible to unite the 
edges of the conjunctival wound by a suture. In that case liberating incisions 
are made through the adjacent conjunctiva in order to facilitate the process of 
drawing it down; and, instead of cutting off the point of the pterygium, it 
may be sewed into the gaps which have been made by the liberating incisions. 
For patients who are afraid of the knife, Pzokalski has proposed a method of 
ligating the pterygium. 

PsEUDO-PTERYGIUM (CICATRICIAL PTERYGIUM).—Sometimes we observe, as 
a result of inflammatory processes, a fixation of a fold of conjunctiva upon 
the cornea, giving a picture similar to that of true pterygium. For example, 
there may be an acute blennorrheea of the conjunctiva, with great chemosis, and 
a pretty large marginal ulcer of the cornea. The chemotic protuberance of the 
conjunctiva becomes applied to the surface of the ulcer and adheres to it. After 
the inflammation has abated, the swelling of the conjunctiva goes down, the 
chemotic protuberance disappears; but, in the spot where union of the cornea 
has taken place, the conjunctiva remains permanently fixed to the latter. We 
then see a triangular fold formed of conjunctiva extending over the limbus 
and upon the cornea, and attaching itself there. Ordinarily, at that part of the 
fold corresponding to the limbus a fine sound can be passed all the way beneath 
the fold; a sign that the latter is adherent to its bed at its apex only and not 
throughout its whole extent. Such a pseudo-pterygium is distinguished from 
a genuine pterygium in that the conjunctiva is adherent to one definite spot 
upon the cornea, and remains steadily fixed in that spot, and hence in its 
subsequent course grows neither larger nor smaller. In a genuine pterygium, 
on the other hand, the conjunctiva is drawn gradually farther and farther up 
upon the cornea; it has its progressive stage. In its origin and its behavior a 
pseudo-pterygium is more like a symblepharon than a genuine pterygium. 

Pseudo-pterygia are observed not only after acute blennorrheea, but also 
after diphtheria, burning by heat and by caustics, the occurrence of prolapse of 
the iris, the removal of new growths, etc. It is evident that they may develop 
not only at the outer and inner sides, but at any side whatever of the cornea. 
The pseudo-pterygia remaining after acute blennorrhcea are usually found above, 
those produced by burns, etc., most frequently at the lower part of the cornea 
(the region corresponding to the palpebral fissure). 

Small pseudo-pterygia may without disadvantage be left undisturbed ; 
larger ones we generally remove in the same way as genuine pterygia, and unite 
with stitches the wounds left in the conjunctiva. In those cases in which the 
pseudo-pterygium is not adherent to the surface of the eyeball at the spot cor- 
responding to the limbus, ablation and the use of the suture may be dispensed 
with; it is sufficient simply to free the point of the pseudo-pterygium from the 
cornea, upon doing which the former retracts of itself and disappears by a pro- 
cess of atrophy. 

It sometimes happens that an old pannus which has already been trans- 
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formed into connective tissue, is united to the subjacent cornea only by loose 
cellular tissue, and thus acquires a certain freedom of movement so that it can 
be shifted this way and that upon its bed along with the conjunctiva of the 
eyeball. In this way too, then, a picture similar to that of a pterygium may be 
produced. 


$ 
XII. SYMBLEPHARON. 


25. Symptoms.—By symblepharon* we understand a cicatricial 
adhesion between the conjunctiva of the lids and the conjunctiva of 
the eyeball. In that case, when we attempt to draw the lid away from 
the eyeball, we observe that in one or more places bands extend from 
the inner surface of the lid to the surface of the eyeball, and that these 
become tightly stretched and prevent us from drawing the lid away 
completely. These bands generally look tendinous, more rarely fleshy, 
and may be attached not only to the conjunctiva scler, but also to 
the surface of the cornea itself. If the adhesion between the two con- 
junctival surfaces extends so far peripherally as to reach into the fornix, 
we call this symblepharon posterius. If the adhesion does not extend 
as far as this, so that the cicatricial bands stretch like a bridge between 
the lid and the eyeball, and we can introduce a sound beneath them 
and carry it along the fornix between the lid and the globe, it is then 
called symblepharon anterius. This distinction has been established 
for practical reasons, inasmuch as symblepharon anterius can be readily 
cured by an operation, symblepharon posterius can be cured with diffi- 
culty or not at all. Symblepharon totale is a total adhesion between 
the lids and the eyeball—a condition which occurs but rarely. 

Etiology.—Symblepharon develops whenever two opposed spots of 
the conjunctiva of the lid and of the eyeball have raw surfaces which 
come into contact with each other, and in consequence become adher- 
ent. Such a process of adhesion results of necessity when the two 
raw surfaces extend up into the fornix and there pass into each other, 
since two raw surfaces which meet at an acute angle always begin to 
unite at this angle of junction. Causes which can give rise to the 
formation of raw surfaces upon the conjunctiva are burns by the action 
of heat, burns from caustic substances, diphtheria, operations, ulcers of 
all kinds, ete. 

The expression symblepharon is also employed in a somewhat dif- 
ferent sense to denote the contraction of the conjunctiva which occurs 
as a result of its gradual shrinking, as, for instance, after trachoma (see 
page 65). In this case it is not a question of an adhesion between two 
raw conjunctival surfaces, but of a gradual diminution in size of the 
conjunctival sac. The folds of the region of transition are first 
smoothed out; the conjunctiva of the lid extends directly to the eye- 
ball (7,, Fig. 19 B) and, whenever the lid is drawn away, is tightly 


* From atv, together, and Baédapoy, eyelid. 
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drawn out into transversely disposed folds. In advanced cases the 
conjunctival sac is converted into quite a shallow grove between the 
eyeball and the lid. Since contraction of the conjunctival surface in 
consequence of shrinking always makes itself first apparent by disap- 
pearance of the fold of transition, all these cases belong to symblepharon 
posterius. This kind of symblepharon is observed principally after 
trachoma; furthermore, in the rare cases of pemphigus of the con- 
junctiva. 

Very light cases of symblepharon produce no bad results worth 
mentioning. When there are more pronounced adhesions, the excur- 
sions of the eye are hindered, and thus, in any case, diplopia may be 
produced just as in the case of pterygium. Inasmuch as with the 
movements of the eye traction is made at the site of the adhesions, the 
eye gets to be in an irritated condition. If the adhesions extend into 
the region of the palpebral fissure they become disfiguring, and if they 
extend as far as the cornea they may injuriously affect the sight. 
Sometimes the lids are so fastened down by extensive adhesions that 
their complete closure is impossible, and lagophthalmus is produced 
with its consequences that are so baneful to the cornea. Total sym- 
blepharon is obviously associated with complete blindness (or at most 
with quantitative perception of light). 

Treatment.—This involves an operation. Cases of symblepharon 
anterius are easily cured. We separate the adhesions between the lid 
and eyeball with great care, so as not to cut into the sclera nor the 
tarsus. When the lid has been set free, we must then make it our 
business to prevent a readhesion of the freshly made raw surfaces, and 
to make each of these cicatrize by itself. ‘This is effected by repeatedly 
drawing the lid away from the eyeball, and also by interposing a 
pledget dipped in oil or smeared with ointment between the lid and 
the eye. 

In symblepharon posterius we also begin by separating the adhe- 
sions as far back as the fornix. But if we should content ourselves 
with doing this, a reunion of the recently made raw surfaces would 
result, starting from the fornix where these surfaces come together. 
In order to avoid this, one of the raw surfaces must be covered with 
conjunctiva, so that a place coated with epithelium lies opposite to the 
raw surface remaining. ‘The wound on the eyeball is the one we select 
for covering over, because the conjunctiva of the eyeball can readily 
be displaced, while the conjunctiva of the lid is adherent immovably to 
the tarsus. We loosen the conjunctiva of the eyeball on both sides of 
the wound, draw it down over the latter, and unite it by sutures. Es- 
pecial care must be devoted to uniting the wound in the neighborhood 
of the fornix. If, after dividing the adhesions, the raw surface upon 
the eyeball is so large that it can not possibly be covered by conjunc- 
tiva, reunion of the symblepharon will result in every case. Hence, 
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cases of extensive symblepharon posterius, and ‘evidently cases also of 
symblepharon totale, are incurable. The same is true of symblepharon 
induced by the gradual shrinking of the conjunctiva. 


We sometimes also operate for symblepharon in cases in which the eye has 
been rendered blind and is shriveled up, for the purpose of making possible 
the introduction of an artificial eye. 

Different methods have been devised to enable us to operate for cases of 
symblepharon posterius with extensive adhesion. Himly, in an operation analo- 
gous to that for syndactylism, first made a preliminary perforation of the adhe- 
sion along the fornix, and carried a lead wire through the canal so formed. 
The latter, after the wire has been in it a pretty long time, becomes covered 
with epithelium (like the canal made by piercing the lobule of the ear for ear- 
rings), so that the symblepharon posterius is changed into a symblepharon an- 
terius, and can be operated upon, like the latter, by simply separating the adhe- 
sion. Some have attempted to cover a large loss of substance upon the eyeball, 
caused by the removal of a symblepharon, by making the conjunctiva that is to 
be drawn up over it movable by means of liberating incisions, or by fashioning 
pedicellate flaps out of conjunctiva and attaching them to the wound (Teale, 
Knapp). Others (Stellwag, Wolfe) have grafted non-pedicellate flaps formed 
out of bits of mucous membrane from other localities (the conjunctiva of the 
other eye, the mucous membrane of the lips, or that from the mouth or vagina, 
or even the mucous membrane of animals) upon the raw spot, and have obtained 
union. Others again, for covering a loss of substance, take the external skin 
either in the form of small flaps grafted upon the surface, or as pedicellate flaps 
which are thrust in between the eyeball and the lid through a fenestra cut 
through the latter (Kuhnt, Schnellen). Generally speaking, we are obliged to 
acknowledge that in extensive adhesions all methods have but scanty results to 
offer, since the symblepharon commonly returns on account of the subsequent 
shrinking of the conjunctiva. 


XIII. XEROSIS. 


26. Symptoms.—Under the name of xerosis * conjunctive we desig- 
nate an alteration of the conjunctiva, the essential character of which 
is that the latter is superficially dry and is not moistened by the lachry- 
mal fluid. The surface of the conjunctiva at the xerotic spots is dry, 
shines like fat and is of whitish color, and looks either like epidermis, 
or as if it were covered with dried foam. In such places the conjunc- 
tiva is thicker, less pliable, and lies in stiff folds. The tears flow over 
the diseased spots without moistening them. An analogous change 1s 
also observed in the cornea, the surface of which looks dull, lusterless, 
and dry, while the parenchyma of the cornea at the same time is found 
to have lost its transparency (xerosis corne). 

Etiology.—The cases in which xerosis is observed are divided into 
two groups. In the first, xerosis is the result of a local affection of the 
eye; in the second, it is an accompanying symptom of a general disease. 


* From énpés, dry. 


112 DISEASES OF THE EYE. 


Xerosis resulting from a local affection of the eye is found : 

(a) In cicatricial degeneration of the conjunctiva. It is observed 
most frequently as the final outcome of trachoma, and also, but more 
rarely, after diphtheria, pemphigus, burns, etc. It begins in isolated 
spots, but may ultimately spread over the entire conjunctiva, and over 
the cornea also. In the latter case, since the xerotic cornea grows 
opaque, the eye becomes blind. This form of xerosis is incurable. 

(0) Deficient sheltering of the conjunctiva, so that the latter is con- 
stantly in contact with the air, can likewise lead to xerosis. This 
occurs in ectropion and in lagophthalmus (incomplete closure of the 
lid). In the former case the exposed portion of the tarsal conjunctiva, 
in the second case that part of the scleral conjunctiva and of the cor- 
nea lying in the course of the palpebral fissure, becomes covered with 
a thickened, dry, epidermoid epithelium, by means of which these parts 
protect, so to speak, their deeper layers against desiccation. In such 
cases assistance can be rendered only when it is possible (by operative 
interference) to provide the exposed conjunctiva or cornea with its 
normal shelter again. 

Xerosis, resulting from a general disease, occurs under a light and a 
severe form : 

(a) The light form is associated with hemeralopia (night-blindness). 
Simultaneously with the peculiar disturbance of vision (see § 105) there 
are found on the outer and inner side of the conjunctiva bulbi small 
triangular spots, which are covered with what resembles fthe dried 
foam, and which are not moistened by the tears (Bitot). This form of 
the disease attacks adults. 

(5) The severe form is associated with keratomalacia (see § 40). 
Here also xerosis makes its appearance first in the region of the con- 
junctiva corresponding to the palpebral fissure, but subsequently it 
spreads to the cornea, which breaks down into pus. The disease attacks 
children only, who often die with the symptoms of a severe general 
disease. It is conjectured that the light and the severe form are but 
different grades of one and the same disease, the essential nature of 
which is still unknown tous. The xerosis, which in these cases attacks 
a hitherto perfectly healthy conjunctiva and cornea, must be looked 
upon as a consequence of the disturbance of nutrition produced by the 
disease. Its particular importance to us, therefore, is as a symptom of 
this general affection, against which, accordingly, treatment must be 
particularly directed. 


The separation, first made by Cohn, of xerosis into a variety dependent upon 
local causes and one caused by a general disease, corresponds nearly to the 
ordinary division into xerosis parenchymatosa and xerosis epithelialis. In local 
xerosis the mucous membrane is diseased in its deeper as well as in the super- 
ficial layers (xerosis parenchymatosa); while in xerosis produced by a general 
disturbance of nutrition the change affects the epithelium only (xerosis epithe- 
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lialis). Many also make a distinction between xerosis partialis (sive glabra) 
and xerosis totalis (sive squamosa). 

The anatomical changes which form the basis of xerosis principally affect 
the epithelium. This becomes thickened, and hence whitish, cloudy, and 
epidermoid. Moreover, it assumes a fatty character, in consequence of which 
the lachrymal fluid does not adhere to it. To this circumstance the peculiar 
dry appearance is chiefly owing, for, if the diseased spots are freed from their 
fat by the application of soap, they become capable of being wetted by the tears 
(Leber). The fatty character is partly due to the fact that the thickened epi- 
thelium is covered by the sebaceous secretion produced by the Meibomian 
glands. But, in addition to this, the epithelial cells themselves fall a prey to 
adipose degeneration, so that we find them filled with a countless number of 
very minute drops of fat. 

Kuschbert and Neisser have described as occurring in xerosis a special 
micro-organism, the bacillus of xerosis. This is found under the form of short 
rods adhering in great quantities to the surface of the epithelial cells. Whether 
it is really characteristic of xerosis of the conjunctiva is doubtful, since it has 
been found in the conjunctival secretion under other conditions as well. In 
any case, it can not be the special exciting cause of the disease; on the con- 
trary, we must assume that coming from the air it gets upon the conjunctiva, 
and finds in the epithelium of the latter a soil favorable for its growth, whenever 
this epithelium has had its nutrition injuriously affected. 

What part does the lachrymal secretion play in xerosis? The real cause of 
the dryness of the conjunctiva is not, as has been believed, the deficiency of 
tears. In the beginning of the disease, as long as only small isolated spots of 
the conjunctiva are xerotic, we often find actually an increase in the lachrymal 
secretion. Per contra, xerosis of the conjunctiva has never been known to 
occur after extirpation of the lachrymal gland. The real cause of the dryness 
of the conjunctiva is rather the fact that the tears do not adhere to it. Never- 
theless it is true that in advanced xerosis the Jachrymal secretion diminishes, 
and may even disappear altogether. Asa cause of this phenomenon, Arlt has 
found in a case of xerosis obliteration of the efferent ducts of the lachrymal 
gland produced by the great shrinking of the conjunctiva; the lachrymal gland 
itself being diminished to one third of its normal volume and transformed into 
a tissue resembling fat. In that form of xerosis, also, which occurs in con- 
nection with keratomalacia, there is a striking deficiency in the lachrymal 
secretion; but here, probably, we have to do with a nervous disturbance— 
namely, with an absence of the reflex lachrymal secretion, due to depression 
of the general nutrition. 


XIV. ExTRAVASATION OF SERUM AND BLOOD BENEATH THE 
CoNJUNCTIVA. 


27. Gidema and also extravasation of blood, if of any great extent, 
are observed only in the conjunctiva of the eyeball and in the fold of 
transition, as these, on account of the laxity with which they are fixed 
to the subjacent parts, can be readily lifted up over quite large areas 
by fluid. The same thing does not occur in the conjunctiva tarsi, be- 
cause it is too intimately adherent to the underlying cartilage. 

8 
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In the conjunctiva of the eyeball we meet with both inflammatory 
cedema (cedema calidum) occurring in inflammations of the eyeball or 
the organs near it, and with non-inflammatory cedema (cedema frigi- 
dum) resulting from simple transudation of fluid. Since edema, as a 
rule, is of importance merely as a symptom of some other affection, 
treatment will have to be directed to the latter. Should it be desirable 
to take any special measures against the cedema itself, the most suita- 
ble means for this purpose would be a pressure bandage, or, in the case 
of a tense cedema, scarification of the conjunctiva. 

The exudation of blood beneath the conjunctiva of the eyeball is 
known as ecchymoma subconjunctivale. We then see a spot of varying 
extent and of a vivid-red or dark-red color; sometimes the whole con- 
junctiva sclere is suffused with blood. Ecchymosis is easily distin- 
guished from an inflammatory redness of the conjunctiva by its uni- 
formly red coloration, in which no network of vessels can be recognized, 
and also by its sharp limitation from the unsuffused portions of the 
conjunctiva, which are ordinarily quite normal and uncolored. 

Ecchymoses of the conjunctiva develop after injuries and operations 
upon the conjunctiva (particularly after squint operations), and, fur- 
thermore, in violent inflammations, especially in catarrhal ophthalmia. 
Spontaneous suffusions in an otherwise healthy conjunctiva are fre- 
quent in old people, whose blood-vessels have brittle walls, the rupt- 
ure of the vessels being often occasioned by great bodily exertion, or 
by coughing, sneezing, vomiting, great straining, etc. In children, 
also, spontaneous ecchymoses of the conjunctiva are observed—chiefly 
after whooping-cough. A special symptomatic significance belongs to 
those ecchymoses which develop, to all appearance spontaneously, after 
an injury to the skull. Here we have to do with cases in which a 
fracture of the base of the skull has occurred, and the blood, as it 
escapes, gradually oozes forward through the orbit until it lodges 
beneath the conjunctiva (see § 133). 

Subconjunctival ecchymoses become absorbed in from a few days to 
a few weeks without producing any further serious consequences, and 
in themselves require no treatment whatever. We generally prescribe 
compresses of lead-water, more for the purpose of appeasing the patient 
than of obtaining a more speedy resorption. 


Inflammatory edema is associated with the most various inflammatory affec- 
tions, such as inflammations of the lids (erysipelas, hordeolum), of the margin 
of the orbit (periostitis), of the lachrymal sac (dacryocystitis), of the conjunc- 
tiva (particularly acute blennorrhaea), of the eyeball itself (purulent keratitis, 
irido-cyclitis, purulent chorioiditis, and panophthalmitis), and, furthermore, of 
structures posterior to the eyeball (tenonitis, phlegmon of the orbit). Inflam- 
matory oedema, as also exudations of serum or of blood, is especially apt to 
occur in old people, whose conjunctiva is eminently extensible and so loosely 
attached that we observe cedema in this situation sometimes with trifling con- 
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junctival catarrhs. We commonly find the edema most pronounced in the 
region of the palpebral fissure, because here the counter-pressure exerted by the 
lids is wanting; and not infrequently an cedematous fold of conjunctiva is found 
in the palpebral fissure, pinched off, so to speak, from the rest by the lids. 

Non-inflammatory edema is caused by hydremia or by stasis. In the former 
case it occurs as a symptom of albuminuria, and sometimes then recurs a num- 
ber of times, but each time rapidly disappears again (edema fugax). A pecul- 
iar sort of edema is the jiltration-wdema of the conjunctiva of the eyeball. It 
is observed after operations or injuries which have produced a perforation in 
the most anterior sections of the sclera, and arises from the fact that the 
aqueous from the anterior chamber oozes between the incompletely closed 
edges of the wound and lodges under the conjunctiva. Accordingly, when 
cicatrization occurs, the edema commonly disappears. But if a minute open- 
ing remains in the sclera, the cedema too persists—a condition which is desig- 
nated as cystoid cicatrization (see Fig. 41). (£dema from filtration is found 
either in the region of the fistulous opening or in the lower part of the bulbar 
conjunctiva, the fluid sinking in obedience to gravity. 

Not infrequently we see in the scleral conjunctiva small bright vesicles, 
arranged in a row like a string of pearls, or even joined so as to form longer 
sausage-like swellings. Here we have to do with dilated lymph-vessels that are 
filled with a clear liquid—that is, with lymphatic ectasie. These occur both in 
inflammation of the conjunctiva and also when the conjunctiva is perfectly 
healthy. 

Ecchymoses of the conjunctiva, free from danger as they are, terrify the 
patient by their striking appearance, especially if, as is frequently the case, 
they spread still farther in the next few days after their first development. In 
these cases the pinguecula stands out with peculiar distinctness, as a bright, 
white, or yellowish spot upon the red substratum. On the side of the trans- 
parent cornea the ecchymosis is limited by a narrow gray border. This is the 
inner margin of the limbus, which is too closely adherent to the cornea to be 
lifted up by the blood. In eyes with blue iris, the latter often has its color 
apparently changed to green in the spot corresponding to the ecchymosis. This 
is caused by the extension of the blood in a very thin layer (in which it appears 
green) between the lamelle of the cornea, so as to make the iris which lies 
behind it seem green. 

The entrance of air beneath the conjunctiva of the eyeball (emphysema) is 
sometimes observed simultaneously with the escape of air beneath the skin of 
the lids or into the orbital tissue (see § 115). 


XV. TumoRS OF THE CONJUNCTIVA. 


28. Both malignant and benign tumors occur in the conjunctiva. 
The most important form of benign tumors is the 

Dermoid Tumor. —This is a flat growth of solid consistence, which, 
so to speak, straddles the margin of the cornea, being situated partly 
in the conjunctiva and partly in the cornea, with which latter 1t 1s 
immovably connected. It most frequently occurs on the external (tem- 
poral) side of the cornea (Fig. 25). Its color is white or reddish, its 
surface epidermoid and often dry. It is sometimes covered with fine 
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down, or even with longer hair. Histological examination shows that 
the growth possesses the composition of the external skin; it consists of 
a stroma of connective tissue, covered with epidermis, and contains 
hair follicles, sebaceous glands, and sweat 
glands. It is, so to speak, an island 
of skin upon the surface of the eye 
ball. 

Dermoid tumors are always congeni- 
tal, and are frequently found along with 
other congenital anomalies, like con- 
genital hare-lip or wart-like appendages 
of skin in front of the ears. Some- 
times they grow still larger after birth. 
According to Remak, their develop- 
ment, as in the case of the allied der- 
moid cysts (see § 135), depends upon 
a foetal invagination of the external 
germ-layer. On the other hand, Von 
Fic. 25,—DERMoI Tumor or THE Cor. Duyse conjectures that they owe their 

NEA AND BUBCONIUNGHIVAL LerOMs.” ‘origin 0 a circumscribed adhesion be- 
The dermoid tumor is situated onthe tween the amnion and the surface of 


outer and lower margin of the cor- 


nea, lying toa smallextent inthe the eyeball. The adhesion subsequent- 
cornea, and more largely in the : : 

sclera.. The eye has to be turned ly igs drawn out into the form of a cord, 
strongly inward in order to bring K ‘i i 
the lipoma well into view. The and at length breaks quite in two, its 
lipoma has a form differing from A P 
the ordinary one in that it consists point of attachment to the eye remain- 


of two lobules, and in addition . fs ; 
sends out a process reaching to the ing behind as a dermoid tumor. 


outer margin of the cornea. It is : < é 
Sve aere coNeted bye Commpace The chief harm that dermoids do is 


conjunctiva which resembles skim, — to produce a considerable disfigurement. 
Yellow color or ane underlying fat Tf they are large, and especially if they 
are covered with hair, they cause me- 
chanically an irritation of the eye, and also interfere with vision, in 
so far as they encroach upon the pupillary area of the cornea. They 
are removed by a simple process of ablation, which consists in separat- 
ing the tumor as exactly as possible from the subjacent cornea and 
sclera. The resulting wound in the cornea should, as far as possible, be 
covered by drawing the adjacent conjunctiva over it. That portion 
of the cornea upon which the tumor was formerly situated remains 
clouded permanently. If remnants of the tumor have been left, the 
latter can in part form again. 

Of malignant tumors, epithelioma and sarcoma of the conjunctiva 
occur. These originate ordinarily in the limbus conjunctive, and 
thence extend both into the conjunctiva and into the cornea. 

Epithelioma of the conjunctiva forms a non-pigmented, flat, sessile 
tumor with a broad base. It remains for a long time confined to the 
superficial layers of the conjunctiva and cornea, its extension in the 
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latter often resembling a pannus. The tumor shows a great tendency 
to superficial ulceration. 

The sarcomata that start from the limbus are generally pigmented 
(melano-sarcomata). In opposition to an epithelioma, they grow more 
in height than in breadth, ‘and are attached to the substratum by only 
a slender base. They hence form dark-colored, very prominent mush- 
room-like growths, which often overlie a great part of the cornea, al- 
though, if we lift them up, we find the cornea beneath for the most 
part normal. 

Both epitheliomata and sarcomata develop in advanced life, and, if 
they are not removed, spread steadily ; sarcomata, especially, grow, until 
at length they form gigantic tumors. At last the patient succumbs 
from exhaustion, or from metastases which form in the internal organs. 
The tumors must therefore be removed as early and as radically as 
possible. As long as they are still quite small and superficial, radical 
removal can be performed with preservation of the eyeball. The tumor 
is removed as completely as possible, partly with the knife, partly with 
the sharp spoon, and the spot which it has occupied is thoroughly 
burnt with caustics, or, still better, with the actual cautery. If com- 
plete removal of the growth is no longer possible in this way, the eye, 
too, must be removed, even though it still possesses visual power. 


Of benign growths, the following, although of rare occurrence, are also ob- 
served: 

Lipoma subconjunctivale forms a tumor, situated upon the upper and outer 
circumference of the eyeball, between the rectus externus and rectus superior 
muscle, and appearing of a yellowish color as seen through the conjunctiva. It 
is of triangular form, the sharply defined base of the triangle looking toward the 
cornea, while the two sides of the triangle, which are directed to the outer side, 
pass gradually into the orbital fat. If the tumor is small it ordinarily remains 
concealed beneath the outer canthus, and can be brought into view only by 
turning the eye strongly inward (Fig. 25). Larger lipomata are visible in the 
palpebral fissure even when the gaze is directed straight forward, and hence 
cause disfigurement; but they do no other harm. Microscopical examination 
shows that the tumor consists of fat-lobules. The conjunctiva that coats it is 
thickened and of a character resembling that of the skin, and in this regard a 
lipoma is akin to the dermoids. Like the latter, it is congenital, but sometimes 
grows to a considerable size at the time of puberty. If it is desired to remove 
the tumor on account of the disfigurement it produces, we take away from it, 
after dividing the conjunctiva that covers it, as much of the mass of fat as is 
visible in the palpebral fissure; a radical removal of all the adipose tissue is 
unnecessary. 

Cysts in the conjunctiva are commonly represented by small vesicles filled 
with a limpid liquid. Most of these vesicles, and particularly those situated 
upon the conjunctiva of the eyeball, originate from dilated lymph-vessels (see 
page 115). In the fold of transition, cysts occur which take their starting-point 
from Krause’s glands of the conjunctiva; in addition, there are also cysts which 
develop in the conjunctiva from traumatism. Larger cysts situated beneath 
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the conjunctiva are formed by the cysticercus cellulose. The latter is observed 
for the most part in children or in the young. In such a case the conjunctiva at 
one particular spot is found permeated with vessels, and forms a nodular pro- 
tuberance. Underneath may be felt the cyst which, as a rule, can be readily 
pushed about upon the subjacent parts; in individual cases, however, it is 
solidly adherent to the subjacent sclera or to one of the ocular muscles. If the 
cyst has very thin walls, the head of the worm can be recognized as a whitish 
spot in its interior. It is easy to remove the cysticercus by splitting up the 
conjunctiva and dissecting out the cyst, which consists of the cysticercus-vesi- 
cle inclosed in a capsule of connective tissue that has been formed about the 
animal. 

Under the name of polypi of the conjunctiva we understand soft, rarely 
rather hard, outgrowths attached to the conjunctiva by a pedicle, and having a 
smooth surface covered with mucous membrane. These originate most fre- 
quently in the fold of transition or the conjunctiva of the lids. Asa rule, they 
are so small as not to be disclosed until the lids are everted; sometimes, how- 
ever, they are large enough to project out between the lids. Larger polypi are 
frequently ulcerated upon their surface, as a result of the mechanical injuries 
from which they necessarily suffer. In their nature polypi are small fibromata, 
which thrust the conjunctiva like asac before them. This treatment consists in 
ablation and a subsequent cauterization of their base with the silver-nitrate 
stick. 

Papillomata of the conjunctiva are frequently confounded with polypi, but 
are distinguished from them by their surface being not smooth, but papillary— 
that is, nodulated, like a raspberry or cauliflower. They are either provided with 
a pedicle or are sessile, having a broad base and extending in a flat layer over 
quite a large section of the conjunctiva. They start most frequently from the 
region of the caruncle, but can also take their origin from other portions of the 
conjunctiva, and sometimes several papillomata at once are present in different 
portions of the conjunctiva. They must be removed very thoroughly, since they 
are extremely prone to recur. 

A third form of tumor, having an external resemblance to polypi of the 
conjunctiva, are the granulation tumors. These, like polypi, form small, mush- 
room-like, pedicled tumors. Unlike polypi, however, they are not covered by 
conjunctiva, but consist of naked granulation tissue. They develop in places 
where a loss of substance exists in the conjunctiva, whether as a result of ulcers 
(or even large efflorescences in cases of conjunctivitis lymphatica) or as a result 
of injuries or of operations (most frequently after tenotomies, at the site of the 
conjunctival wound, and, after enucleation, at the bottom of the conjunctival 
sac). In the case of chalazia, also, which have broken through the conjunctiva 
of the lids, we quite often see a granulation mass growing out of the opening. 
After existing for some time, granulation tumors become more and more con- 
stricted at their base by the cicatricial contraction of the surrounding conjunc- 
tiva, so that they ultimately fall off of themselves if they have not been previ- 
ously removed. 

The three varieties of tumors above mentioned are often very rich in dilated 
vessels; in fact, some cases of very vascular polypi have been described as pe- 
diculated angiomata of the conjunctiva. It is hence easy to conceive how these 
tumors can readily give rise to repeated hemorrhages, especially if they are 
ulcerated in spots and are mechanically injured, as, for example, by the rubbing 
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of the lids upon them. Many legends of tears of blood that people have wept 
may be referred to this cause. 

Angiomata of the conjunctiva are, as a rule, those which were originally 
situated in the lids and have gradually passed over upon the conjunctiva. Pri- 
mary angiomata are of rare occurrence in the conjunctiva—generally being 
found in the region of the i innér angle of the eye. They are asarule congenital, 
and increase in size after birth. With regard to their treatment, sce angiomata 
of the lids (§ 135). 

As regards the malignant tumors, the epitheliomata and sarcomata, we must 
distinguish between those which originate in the surrounding structures, espe- 
cially the lids, and secondarily pass over upon the conjunctiva, and those which 
are from the beginning situated upon the conjunctiva and are hence to be 
looked upon as primary conjunctival tumors. These latter originate mostly 
from the limbus. The predilection shown by epitheliomata for the boundary- 
line between the conjunctiva and cornea is to be considered as an analogue of 
the fact that, in other parts of the body also, epitheliomata occupy by prefer- 
ence those spots where one kind of epithelium passes into another, as, for 
instance, the boundary-line between skin and mucous membrane (anus, lips, 
margins of the lids, ete.). An additional factor giving rise to the development 
of epitheliomata at the limbus is probably furnished by the peculiar disposition 
of the epithelium at this spot, for we find here sometimes, even in the healthy 
eye, a proliferation of epithelium, in which the latter grows in the form of coni- 
cal processes into the depth of the tissue. 

Sarcomata of the conjunctiva are, as a rule, pigmented. Melanotic sarco- 
mata, as is known, develop in those localities in which pigment is already nor- 
mally present. They hence occur upon the conjunctiva of the lids, and most of 
all upon the limbus, two divisions of the conjunctiva, which even under physio- 
logical conditions contain pigment. At the limbus, particularly, the quantity 
of pigment contained is sometimes so considerable in persons of the brunette 
type that even with the naked eye we notice in it either separate dark-brown 
spots or a more uniform brown coloration. Spots of pigment occur sometimes 
also in other portions of the conjunctiva, both of the eyeball and of the lids, 
and from these spots melanotic sarcomata may subsequently develop. 

It is impossible to make a radical removal of epibulbar epitheliomata and 
sarcomata and at the same time preserve the eye, in cases in which these tumors 
have so great an extent superficially that the conjunctiva has to be extensively 
sacrificed; for in that case there would occur as a result of the operation so 
extensive a formation of cicatricial tissue, with consequent distortion and fixa- 
tion of the eyeball, that the latter would become unserviceable for purposes of 
vision, and it would have been better to have extirpated it at the beginning. 
So, also, the eyeball must be sacrificed in those cases in which the tumor grows 
down into the depth of the tissues at any one point—a thing which 1s especially 
apt to happen along the anterior ciliary vessels. Such an occurrence is often 
not discovered until after the removal of the superticial growth, or may even not 
be discovered at all. In the latter case a recurrence in the same locality occurs 
soon after the apparently radical removal. The following history serves to 
show the malignancy of these tumors which in the beginning are of such in- 
significant minuteness : 

In the year 1879, a woman, fifty-seven years of age appeared in the eye- 
clinic, at that time directed by it having a melano-sarcoma on the right eye- 
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ball. This had developed from a minute red spot which had already existed for 
a series of years, and which had begun growing larger the year before. It had 
the dimensions of a large pea, was of reddish-brown color, and was situated in 
the conjunctiva on the outer side of the cornea. The base of the tumor pro- 
jected from the limbus somewhat into the cornea, but nevertheless did not ex- 
tend into the pupillary area, so that the visual power was perfectly normal. I 
extirpated the tumor by cutting through the conjunctiva at a certain distance 
from the edge of the tumor, and then removed the latter as carefully as possi- 
ble from its base. The wound-surface thus formed, which lay for the most 
part in the conjunctiva and to a smaller extent in the cornea, was scraped, and 
then the edges of the wound in the conjunctiva were united by means of a 
suture. Healing followed by first intention, and for a time the patient re- 
mained well. It was not till May, 1886—that is, seven years later—that the 
patient returned, having again an epibulbar melano-sarcoma on the right eye, 
which, however, this time was situated on the limbus at the inner side of the 
cornea, and formed a brown tumor half the size of a lentil. The thin cicatrix 
remaining from the first tumor was still present, quite unchanged, at the outer 
margin of the cornea; the limbus at the upper and lower margins of the cornea 
also was quite normal. For this reason it was impossible to regard the melano- 
sarcoma, now situated at the inner corneal margin, as a recurrence of the tumor 
removed seven years before from the external corneal margin. In fact, it could 
only be referred to a disposition toward the formation of tumors, inherent in the 
limbus, so that after the removal of a tumor at one spot a similar one developed 
in another. (The same thing holds good for a case of epithelioma that I ob- 
served, which developed simultaneously and quite independently in both eyes, 
and in both at the inner margin of the cornea.) The small tumor was removed, 
and the place where it had been situated was superficially cauterized with the 
galvano-cautery loop. Recurrences, however, followed this extirpation in rapid 
succession. Already four months later, in September, 1886, the woman re- 
turned with a recurrent growth at the upper corneal margin, and upon the 
removal of this, after another four months, two nodules formed in the conjunc- 
tiva to the inner and lower side of the corneal margin and at some distance 
from it. In order the more certainly to remove everything that was diseased, 1 
resolved this time to enucleate the eye, although it was still serviceable for 
purposes of vision. In spite of this, a solid nodule made its appearance, as 
early as six months later, at the bottom of the orbit. The woman put off un- 
dertaking the removal of this, and did not come to the clinic until five months 
later. Meanwhile the glands in front of the ear, at the lower jaw, and on the 
anterior aspect of the neck, had become enlarged and could be readily felt. 
Although now a radical operation, consisting of a complete exenteration of the 
orbit and the removal of all discoverable glands, was performed, nevertheless 
only a few months afterward enlarged glands were again observed. Since then 
(in February, 1890) the woman has succumbed to an extension of the growth to 
the internal organs. 

Fibromata, osteomata, myxomata, and lymphangiomata, although of very 
rare occurrence, should also be mentioned as tumors of the conjunctiva. 


The plica semilunaris and the caruncle which is situated upon it participate 
in the inflammations of the conjunctiva, so that it is unnecessary to treat of the 
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diseases of these parts separately. Sometimes the little hairs which the caruncle 
always has upon it are so long as to irritate the eye; in that case the hairs must 
be epilated. The new formations of the caruncle are designated by the old name 
encanthis; * benign new formations, such as simple polypoid or papillary out- 
growths of the caruncle, are galled encanthis benigna; malignant new forma- 
tions are called encanthis maligna. 


* From éy, in, and kavéds, angle of the eye. 


CHAPTER IL. 
DISEASES OF THE CORNEA. 


ANATOMY. 


29. THE cornea, together with the sclera, represents the outer fibrous 
envelope of the eyeball, of which the cornea forms the transparent por- 
tion. Seen from in front, the cornea has the form of a horizontal ellipse, 
the horizontal diameter of its base, which is twelve millimetres, surpass- 
ing the vertical diameter, which is eleven millimetres. It is thinner in 
the center than at the edges, where its thickness amounts to about one 
millimetre. Hence it follows that the curvature of the posterior surface 
is somewhat greater than that of the anterior. The latter has a radius 
of curvature of 7:5 millimetres. Since the radius of curvature of the 
whole eye is greater—that is, amounts to twelve millimetres—the curva- 
ture of the cornea is greater than that of the rest of the eyeball; the cor- 
nea therefore is placed like a watch-crystal upon the sclera. The same 
comparison also obtains for the method in which the cornea is inserted 
into the sclera; for, in its posterior layers, the cornea extends farther 
toward the periphery than in the anterior, where the sclera, as it were, 
laps over the edge of the cornea (Fig. 17). The microscope, however, 
does not show any sharp boundary-line between cornea and sclera; on 
the contrary, the fibers of one pass continuously into those of the other. 

The healthy cornea is transparent. Almost all morbid changes of 
the corneal tissue make themselves known at once by a diminution of 
this transparency. In advanced age, however, a cloudiness makes its 
appearance even in the healthy cornea (arcus senilis cornex or geron- 
toxon*). This consists of a narrow gray line which runs near the cor- 
neal margin, and is concentric with it. It shows itself under the form 
of a gray are, first at the upper, soon after at the lower, margin of the 
cornea; finally the two arcs unite at the outer and inner side of the 
cornea to form a closed ring. The outer boundary of the arcus senilis 
is sharply defined, and is separated from the limbus by a strip of per- 
fectly clear cornea; on its inner aspect, or the one turned toward the 
center of the cornea, on the other hand, the cloudiness gradually shades 
away until it is lost in the transparent cornea. The cause of the opac- 
ity is a deposition of small concrements of a colloid substance in the 
upper layers of the cornea. 


* From yépwyv, an old man, and rééov, bow. 
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The cornea consists of the following layers: 

1. The anterior epithelium (Fig. 26, 2). This is a pavement epi- 
thelium consisting of several layers; the lowermost cells (foot-cells, 
Fig. 23, w) are cylindrical, 
then follow rounded cells 
(Fig. 23, m), and finally flat 
cells (Fig. 23, 0). 

2. Bowman’s membrane 
(lige 26; 2). This'isa Thin, 
homogeneous membrane inti- 
mately connected with the 
lamelle of the cornea lying 
beneath it. It may be said 
to represent the uppermost 
layer of the stroma of the 
cornea, which has become 
homogeneous and destitute 
of cells. From the epitheli- 
um it is separated by a sharp- 
ly defined border; and, under 
pathological conditions as 
well as after death, the epi- 
thelium separates very readily 
from Bowman’s membrane. 

3. The stroma (Fig. 26, 
8). This is composed of a 
ground-substance and of cells. 
The ground-substance in its 


Fic. 26.—CRoss-SECTION THROUGH A NORMAL CoRNEA. 


ultimate constitution consists MaaniFiep 100 x 1. 

of fine fibrille of connective iiss, composed of the corneal lamellss, t, and 
tissue, united by a cement- Pe soe, posteHor epithelium’; n, nerves extend: 
substance into flat bundles. ap the epithelium and Bowman's mem- 


The bundles are so applied 

to one another that lamellae (Fig. 26, 7) are produced; by the arrange- 
ment of these lamelle in layers one above another, the cornea is built 
up. The latter has, therefore, a lamellar structure. The individual 
lamella, however, are not sharply separated from each other, but are 
connected together by the interchange of bundles at frequent intervals. 
Hence, when we attempt to strip off the individual lamelle of the 
cornea, we find that this can not be done smoothly, but only with the 
simultaneous laceration of the numerous connecting fibers. 

In many places between the individual bundles of the cornea, and 
also between the lamella formed from the bundles, open spaces of 
greater or smaller size exist, which are filled with lymph and are 
hence called lymph-spaces (seen in surface-view in /, Fig. 27, and in 
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cross-section in K, Fig. 26). These are connected with one another 
by numerous minute canals (lymph-canals, Fig. 27, C), and in this 
way constitute a continuous system of hollow passages, or system of 
lymph-passages, permeating the cornea in every direction. This sys- 
tem is designed for the circulation of the lymph, and is of the greatest 
importance for the cornea, for, as the cornea does not possess any blood- 
vessels, it is forced to depend for its nourishment solely upon its sys- 
tem of lymph-passages. 

The cells of the stroma of the cornea, the corneal corpuscles, are 
contained in the spaces of the lymph-system, and are of two kinds— 
non-motile and motile cells. The former are the fized corpuscles of 
the cornea. ‘hey are cells with a large nucleus and a very flat, proto- 
plasmic cell-body, and they lie in the lymph-spaces, to whose anterior 
or posterior wall they attach themselves (P, Fig. 27). Protoplasmic 

i processes extend from their cell- 
body into the lymph-canals which 
start from the lymph - spaces. 
These processes anastomose with 
the processes of neighboring fixed 
corneal corpuscles, so that in this 
way there is formed a system of 
connected protoplasmic bodies 
(cells and their processes). We 
have thus in the cornea two con- 
nected systems—a positive one 
formed of protoplasm, and a nega- 
Fie, 27.—LAMELL2 OF THE CORNEA (SURFACE- tive one consisting of hollow pas- 


VIEW). (AFTER WALDEYER.) 

In contrast with the ground-substance, g, which sages (lymph-spaces and lv = 
is shaded in the drawing, are the light-col- pis ( y rin a 4 os 
ored lymph-spaces, 1, connected with each canals). lhe former system lies 
other by the lymph-canals, C. Lying in the Aue i 
lymph-spaces, without entirely filling them, wholly within the latter, and, to- 
are the protoplasmic bodies (P) of the cor- ae 5 
neal corpuscles provided with the cell- gether with it, permeates the en- 
nucleus, K. es 5 7 , 

tire cornea. The protoplasmic 
system, however, nowhere completely fills the cavity of the system of 
passages ; the space which is left unfilled is occapied by the circulating 
lymph. 

The second variety of cells belonging to the stroma are the motile 
corpuscles of the cornea (wandering cells), which were discovered by 
Recklinghausen. These are nothing more than lymph-corpuscles which 
have made their way into the cornea, and which move about in its sys- 
tem of lymph-passages. In the normal cornea they are present in very 
small amount; but whenever any irritation acts upon the cornea they 
at once increase considerably in number, since they escape from the 
network of blood-vessels forming the marginal loops and pass into the 
cornea. ‘These cells play an important part in inflammation of the 


cornea. 
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4. Descemet’s membrane (D, Fig. 26) is a homogeneous, hyaloid 
membrane which forms the posterior boundary of the cornea. Unlike 
Bowman’s membrane, it is quite sharply separated from the stroma of 
the cornea, from which also it is chemically different. It is very re- 
sistant to chemical reagents, and likewise to pathological processes 
going on in the cornea. When the entire stroma of the cornea has 
already broken down into pus, we often see the thin Descemet’s mem- 
brane still for days offering resistance and remaining unimpaired (see 
§ 35). 

5. The posterior epithelium (endothelium, e, Fig. 26). This, under 
the form of a single layer of flattened cells, coats the posterior surface 
of Descemet’s membrane. 

The cornea at its margin abuts against three membranes, the con- 
junctiva, the sclera, and the uvea (iris and ciliary body). Embryology 
teaches us that the cornea consists of three superimposed layers, each 
of which corresponds to one of the membranes adjacent, and may be said 
to represent its continuation over the most anterior portion of the eye- 
ball. The cornea hence consists of three divisions, a conjunctival, a 
scleral, and a uveal. According to Schwalbe, the anterior epithelium 
forms the conjunctival portion of the cornea (the so-called conjunctiva 
cornee). Descemet’s membrane, together with the posterior epithelium 
lining it, belongs to the uvea, while the entire stroma of the cornea, 
together with Bowman’s membrane, represents the continuation of the 
sclera. In the fully developed eye these three divisions are fused into 
a common whole, although their community of origin with the adja- 
cent membranes still finds expression under pathological conditions; 
the conjunctival division suffering most of all in diseases of the con- 
junctiva, the uveal division in diseases of the uvea. 

The cornea contains no vessels. These cease at the margin of the 
cornea, forming there at the limbus the network of marginal loops, 
which is supplied by the anterior ciliary vessels (see page 34, and q, 
Fig. 17). From the marginal loops the blood-plasma passes over into 
the system of lymph-passages, by which the nutrition of the cornea is 
effected. 

The nerves of the cornea arise partly from the ciliary nerves, partly 
from the nerves of the bulbar conjunctiva. They are very numerous, 
particularly in the uppermost layers of the stroma, from which the 
nerve-fibers pass forward through Bowman’s membrane into the epi- 
thelium as far as the most anterior layers of the latter (Fig. 26, 7). 
The cornea is therefore extremely sensitive to the touch. In the in- 
duction of narcosis the reflex that follows from touching the cornea 
(screwing together of the lids) is employed in order to test the depth of 
the narcosis, since this reflex is among those which are the last to dis- 
appear. Lesions of the cornea are particularly painful whenever they 
affect the uppermost layers which are so rich in nerves, as, for instance, 
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in the case of exfoliation of the epithelium, by which the numerous 
fibers of the epithelial plexus of nerves are laid bare. 


While the cornea, viewed from in front, appears elliptical, it is circular, if 
looked at from behind. Hence the elliptical form of the front surface of the 
cornea is due to the fact that both sclera and conjunctiva overlap it farther 
above and below than at either side. 

There is not yet perfect unanimity of opinion as to the division of the cornea 
into three layers. Waldeyer holds a different view from that represented in 
the text, regarding as the conjunctival portion the anterior epithelium, Bow- 
man’s membrane, and the most anterior of the lamelle of the corneal stroma; 
the uveal portion would then be formed by the posterior epithelium, Descemet’s 
membrane, and the most posterior of the lamelle of the corneal stroma, so 
that only the middle lamella of the cornea would be left to form the scleral 
portion. 

The older authors ascribed an important part in the nutrition of the cornea 
to the aqueous humor, which was supposed to be constantly soaking through 
it, and thus supply it with nourishment and provide for the maintenance of 
its transparency. From experiments, performed especially by Leber, this view 
must be considerably modified. An exchange of fluid between the parenchyma 
of the cornea and the aqueous humor is conceivable as occurring in two ways: 
by diffusion, which takes place only by means of diosmosis, and by the more 
rapid process of filtration, in which the fluid passes through comparatively large 
gaps in the tissue. The first sort of interchange—that, namely, by diffusion— 
is the only one that takes place in the healthy cornea; and the aqueous humor 
which gets into the cornea in this way may contribute to the nutrition of its 
posterior layers. Diffusion may also occur in the reverse direction—that is, 
from before backward. If, for instance, a solution of atropine is dropped upon 
the cornea, atropine is found a short time afterward in the aqueous humor. 
But interchange of fluids by filtration does not occur in the normal cornea. 
Leber has shown that it is the posterior epithelium which opposes the filtration 
of fluids. If this is removed, the aqueous humor penetrates in considerable 
quantity into the cornea, which in consequence becomes cloudy and swollen. 


CLINICAL EXAMINATION OF THE CORNEA. 


30. An examination of the cornea must have regard to the follow- 
ing points: 

1. The size and form of the cornea. Both may be altered either 
in consequence of congenital defects or because of morbid processes. 
Overlapping of the cornea by the limbus to an unusual extent, or the 
presence of marginal opacities in the cornea, not infrequently simulates 
a diminution in size or an irregularity of form. 

2. The surface of the cornea must be examined with regard to its 
curvature, its evenness, and its polish. In respect to (a) the curvature 
of the cornea as a whole, marked anomalies are recognizable at the first 
glance; slighter changes, however, require more precise examination by 
means of the reflex images (see page 2). The cornea acts as a convex 
mirror, the greater the curvature of which the smaller is the reflected 


DISEASES OF THE CORNEA. 197 


image. In order to be able to judge whether the reflex i image given 
by a particular cornea is of abnormal dimensions, we must compare it 
with the image reflected from another cornea which is healthy, and 
most conveniently with that from the cornea of the other eye, in case 
itis normal. The diagnosis is easy when the curvature varies at dif- 
ferent portions of the same cornea (as, for instance, in keratoconus, in 
which the central portions have a greater curvature than those at the 
periphery). In such a case we cause the eye to move about in such a 
way that the reflection of a window opposite falls successively upon 
different portions of the cornea, and then we see the reflex image be- 
coming larger or smaller according to the varying curvature of the 
cornea. The evenness (>) of the corneal surface, together with the 
perfection of its polish, gives to the normal cornea its brilliant luster. 
Here again the reflex images afford the best means of testing both of 
these properties. These images lose their regularity of form at the 
place where the cornea is uneven; they appear distorted, owing to their 
outlines being irregularly bowed in or out. The form and extent of 
the inequality may be deduced from the kind of distortion of the reflex 
image. By the ophthalmoscope, too, we can recognize inequalities of 
the corneal surface, on account of the irregular astigmatism which they 
produce (page 12). The uneven spots upon the corneal surface are 
either depressions (losses of substance) or elevations. Furthermore, 
the cornea may be uneven from being wrinkled (rhytidosis * cornez) 
or from being entirely collapsed (collapsus corner). Both of these 
conditions occur in cases of great diminution in the tension of the eye- 
ball, hence particularly after the escape of the aqueous or vitreous 
humors. If (c) the polish of the cornea is entirely lost, the latter be- 
comes lusterless (dull); it looks like glass which has been breathed 
upon, or looks as if it had been smeared with grease. The reflex images 
show their normal size and form but have lost their sharp outline. 
Lack of luster of the cornea is also caused by the presence of inequali- 
ties so minute as to be nearly or quite imperceptible to the naked eye. 
Hence the cornea may be smooth as a whole, and yet at the same time d ull, 
like the surface of ground glass. On making a careful inspection, espe- 
cially with a magnifying glass, we can recognize two kinds of rough- 
ness upon the cornea, acting as a cause for its lack of luster. In one 
case we find merely minute depressions in the surface of the cornea, so 
that the latter looks as if it had been pricked with needles. ‘This state 
of things arises from the fact that in many places isolated epithelial 
cells have fallen off, thus leaving minute depressions. In other cases 
we see the roughness of the cornea produced in the opposite v way—that 
is, by its surface being covered with numerous small particles, in which 
case the cornea ake as if it were made of shagreen. Here we have to 


* From purts, a wrinkle. 
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do with multiple elevations, produced by a lifting up of the epithelium, 
and occurring under the form of minute vesicles. 

3. The transparency of the cornea is a property which belongs to 
its parenchyma, not its surface; which latter, in fact, is only a mathe- 
matical concept, an expression for the superficial space bounding the 
cornea and lying between it and the air. 

Dense opacities of the cornea are visible from a distance; but for 
the recognition of slight opacities, lateral illumination, and often also 
the use of the magnifying glass, are indispensable. By means of these 
aids to diagnosis we determine the form, extent, and denseness of the 
opacity. We make out whether it is found in the superficial or in the 
deep layers of the cornea, and further whether it is diffuse or is com- 
posed of separate small points, spots, or striz. Many an opacity which 
appears diffuse when seen with the naked eye proves, when looked at 
with the magnifying glass, to be compounded of smaller opacities. 
Such an opacity may subsequently become really homogeneous by the 
enlargement and confluence of its components. 

4. The sensitiveness of the cornea is tested by touching it with the 
end of a thread or a shred of paper. In many diseases the sensitiveness 
of the cornea is diminished, or is abolished altogether. 


J. INFLAMMATION OF THE CORNEA. 


General Statement. 


31. In the course of an inflammation of the cornea (keratitis*) we 
observe the following stages. The inflammation begins with an infil- 
trate (Fig. 28). Cells in increased number make their appearance 
within the parenchyma 
of the cornea, and these 
constitute the exudate. 
As a consequence of this 
the diseased part loses 
its transparency. The 
level of the cornea re- 
mains normal at this 
spot, only the epithelium 
suffers to the extent of 


losing its polish, so that 


Fie. 28.—INFILTRATE IN THE CoRNEA. (AFTER SAEMISCH.) this portion of the cor- 


The epithelium, e, and Bowman’s membrane, b, over the 
infiltrate are preserved. nea appears dull upon 


the surface. The clin- 
ical signs of the existence of an infiltrate hence are: cloudiness of the 
cornea, and loss of luster over the clouded portion, but no unevenness 


* From xépas, horn. 
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of the surface. The subsequent fate of the infiltrate varies. It may 
go on to resorption or to suppuration. 

(a) Resorption occurs in those cases in which the accumulation of 
exudate between the lamellg of the cornea is not excessive, so that the 
lamella of the cornea are not broken down by reason of its presence 
and hence there js no- 
where produced any de- 
struction of the tissue 
of the cornea itself. In 
this case the resorption 
of the exudate repre- 
sents the second or re- 
gressive stage of the in- 
flammation, and with 
it the morbid process 
comes to a conclusion. 


In favorable Se when Fic. 29.—CorneEAL ULCER IN THE PROGRESSIVE STAGE. 
the cells constituting Pa SS) 
: The base of the ulcer is formed by an accumulation of pus- 
the exudate have disap- cells, which also push their way some distance in between 
ae Bho: the lamelle of the cornea that adjoin the ulcer. At the 
peal ed by resol ption, canes of the eres which are somewhat raised, the epi- 
‘4 t i + & Y , ’ i 
the diseased spots may Laeger an owman’s membrane, 6, end as if cut 


become perfectly nor- 

mal once more and regain their transparency (healing without perma- 
nent sequele—i. e., without opacities). But it may also happen that 
the stroma of the cornea may not be absolutely destroyed by the deposi- 
tion of the exudate, and may yet have experienced such an alteration 
of its structure that, even after the disappearance of the exudate, it 
never again becomes perfectly transparent. Or it may be that the 
exudate deposited between the lamell of the cornea does not disap- 
pesr completely by resorption, but in part becomes organized and is 
left permanently fixed in the cornea. In both of these cases the infil- 
trate disappears by a process of healing, but leaves a permanent opacity 
behind. All those cases in which resorption of the exudate occurs 
without breaking down of the corneal stroma are grouped together 
under the common name of non-suppurative keratitis. 

(>) The infiltration goes on to suppuration, when the exudation is 
such as to be no longer compatible with the maintenance of life by the 
corneal stroma, so that the latter breaks down. The inflammation then 
enters upon its second stage, that of suppuration, which is associated 
with a localized destruction of the cornea. These cases of keratitis are 
known as suppurative keratitis. According as the suppuration starts 
in the superficial or in the deep layers, it develops under the form of 
an ulcer or of an abscess. 

An ulcer of the cornea develops whenever the infiltration is greater 
in the superficial than in the deep layers, and when, consequently, the 

9 
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process of purulent disintegration begins in the former (Fig. 29). In 
this way a superficial loss of substance is produced which is recogniza- 
ble as a depression in the corneal surface. In the beginning, only those 
parts which are most markedly infiltrated, and hence are the first to 
break down, correspond to the loss of substance; and surrounding the 
latter are layers; which likewise are infiltrated with the exudate, although 
not to as high adegree. Hence both the floor and the walls of the 
ulcer are still infiltrated, for which reason we call it a fowl (coated, in- 
filtrated, or progressive) ulcer. Later on, the infiltrated portions form- 
ing the floor and the wall of the ulcer, so far as they are incapable of 
living, are also cast off; but those parts of the corneal tissue which 
have retained their ability to live remain, are freed by a process of 
resorption from the exudate which infiltrates them, and become once 
more transparent. The ulcer has, it is true, become somewhat larger 


Semon 


Fic. 30.—CoRNEAL ULCER IN THE REGRESSIVE STAGE. (AFTER SAEMISCH.) 


The base of the ulcer is formed by the denuded lamellz of the cornea; a slight increase in the 
number of cells between them can still be made out. At the edges (b) of the ulcer the epi- 
thelium, e, is beginning to grow out over the base. Newly formed blood-vessels (g), lying 
in the upper layers of the cornea, run to the ulcer. 


than before, but the cloudiness surrounding it has disappeared; the 
ulcer has acquired a smooth, transparent base and edges; it is a cleansed 
(regressive) ulcer (Fig. 30). 

Among the clinical signs by which we diagnosticate an ulcer, the 
most important is the unevenness of the corneal surface, the latter 
presenting a depression or loss of substance. In foul ulcers this de- 
pression is surrounded by clouded corneal tissue, which, moreover, is 
dull upon its surface ; the floor of the ulcer also is gray and uneven. In 
clean ulcers the cloudiness surrounding them is very slight, or is want- 
ing altogether, and the floor and edges of the loss of substance are 
smooth and shining; the ulcer gives a mirror-like reflex. 

An abscess is produced by the infiltration being greatest in the 
deeper layers, and by inducing purulent liquefaction of the corneal tis- 
sue first in this situation. For example, the infiltrate represented in 
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Fig. 28, if it should increase to the point of producing purulent lique- 
faction of the corneal tissue, would form an abscess. An abscess ig 
therefore a focus of pus in the cornea, shut in behind and in front by 
layers of the cornea which have not broken down (Fig. 31, a). The 
clinical signs of a recent ‘abscess consist in 
an opacity of the cornea, having the yellow 
color of pus, corresponding to which, how- 
ever, there is no loss of substance upon the 
corneal surface, but merely an absence of 
luster. In the further course of an abscess, 
to be sure, the layers which lie in front of 
it always succumb, so that the abscess is ulti- 
mately converted into an ulcer and presents 
the characters of one. 

Every keratitis suppurativa entails a loss 
of substance in the cornea. This must be 
filled up again by newly formed tissue, in 
doing which the process enters upon its third 
stage —that of cicatrization. The newly 
formed tissue is not corneal tissue, but con- 
nective tissue, and is accordingly opaque (Fig. 
32). Hence suppurative keratitis always 


leaves a permanent opacity after it. The — Fre.31.—Scnemaric Represey- 
‘ TATION OF AN ABSCESS OF 


opacity, indeed, is the principal clinical sign THE CORNEA. 
; sary . . The surface of the cornea is 
of a cicatrix; for the corneal surface has Sunken over the abscess 
Teas “| 7 . ‘ | ecause the latter is thicker 
completely reacquired its luster, because its Brie lees awit tne Gas 
epithelium is restored to the normal state ; ter. The posterior surface 
f of the cornea is covered by 
and the excavation or loss of substance has a thin layer of exudate, 6, 
; ; : which also lines the anterior 
disappeared, at most a slight flattening of the surface of the iris, d, and 
* the anterior capsule of the 
surface being present. lens, e, and, becoming more 
nas é pronounced inferiorly, forms 

Recapitulation.—According to the state- there a hypopyon, c. 


ments above made, non-suppurative keratitis 

has two stages: the stage of infiltration and that of resorption. In 
suppurative keratitis, on the other hand, we distinguish three stages: 
the stage of infiltration, the stage of suppuration, and the stage of 
cicatrization (reparation). The stage of suppuration is composed of 
two periods: the progressive period (foul ulcer) and the regressive 
period (clean ulcer). 

In the clinical diagnosis of the form and the stage of an inflamma- 
tion of the cornea we proceed in the following manner. We first ex- 
amine the corneal reflex. Jf the surface ts dull, we are dealing with a 
recent affection, and tn that case, if there is no loss of substance, with 
an infiltrate or with an abscess ; but if a loss of substance is present, 
with a foul ulcer. If the surface is lustrous, the affection is an old 
one; tf a loss of substance is present, it is a clean ulcer that we have 
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before us; but if no loss of substance is visible, we are dealing with a 
cicatrix. 
32. Vascularization of the Cornea.—In inflammations of the cornea 
we very frequently observe the development of vessels which grow in 
upon the cornea from 


its margin. ‘his oc- 
curs most frequently 
during the process of 
healing of corneal ul- 
cers. At the time when 
the ulcer begins to be- 
come clean, we see ves- 
sels starting out from 
that part of the limbus 
lying next to the ulcer. 
These vessels lie in the 


Fic. 32.—CICATRIX OF THE CORNEA. (AFTER SAEMISCH.) most superficial -ayers 
The epithelium, e, is everywhere present, but over the cica- of the cornea and ex- 


trix it is irregular, and in places (at a) is thickened. Bow- 

man’s membrane. b, is wanting at the site of the cicatrix. tend toward the ul- 

ese ps ye aoe Ce Was segue tetas ars cer, whose edges they 

soon reach (Fig. 30, g). 
Their chief office seems to consist in supplying the necessary material 
for filling in the loss of substance. Their advent is therefore to be 
regarded as a favorable occurrence; we know that at the spot where 
the vessels have reached the ulcer the further progress of the latter is 
no longer to be apprehended—that, on the contrary, it will there enter 
upon the process of healing. After the loss of substance has been 
filled in, the vessels gradually disappear, so that a corneal cicatrix con- 
tains fewer and fewer of them as it becomes older. Nevertheless, the 
blood-vessels never entirely disappear from the large cicatrices. 

In other cases the formation of new vessels accompanies the prog- 
ress of the inflammatory process, and hence belongs, like the exuda- 
tion itself, to the clinical picture of the inflammation. The best exam- 
ple of this is afforded by the vascular form of parenchymatous keratitis 
($ 43). 

A kind of vascularization differing from both of these varieties is 
that which forms one of the symptoms of pannus. Here the vessels 
do not lie in the cornea itself, but in a newly formed tissue which is 
deposited upon the cornea and of which they form an essential constit- 
uent (Fig. 22). 

It is very important to determine the sitwation of the vessels in the 
cornea—that is, whether superficial or deep—since by this fact alone we 
can often diagnosticate what sort of keratitis we are confronted with. 
The type of superficial vascularization is afforded by pannus, that of 
deep vascularization by keratitis parenchymatosa. 
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The signs which enable us to distinguish the two kinds of vasculari- 
zation from each other may be contrasted as follows: 


SUPERFICIAL VESSELS 


spring from the network of mar- 
ginal loops of the limbus, and can 
therefore be followed from the cor- 
nea into the limbus, and thence on 
to the vessels of the conjunctiva. 


On account of their superficial 
position are clearly visible and well- 
defined, and have a vivid red color. 


The vessels branch in an arbo- 
rescent fashion. 


The surface of the cornea is 
uneven, from the fact that the ves- 
sels raise up the epithelium that 
hes directly over them. 


DEEPLY SITUATED VESSELS 


spring from the vessels of the 
sclera close to the margin of the 
cornea, and hence appear to come 
to an end suddenly at the limbus, 
as they disappear behind the latter 
to enter the sclera. 

Are not distinctly recognizable, 
or are even unrecognizable, except 
as a diffuse red coloration, and 
have a dirty-red (grayish-red) hue ; 
the reason for both of these appear- 
ances being that the vessels are 
veiled by the clouded layers of cor- 
nea lying in front of them. 

The vessels form fine twigs 
which run parallel to each other 
(besom form of branching). 

The surface of the cornea is 
lusterless, it is true, but not un- 
even. 


Participation of Neighboring Organs in the Process.—Every kera- 
titis is accompanied by inflammatory symptoms, the most important of 


which is— 


(a) The injection of the blood-vessels. 
corneal inflammation is ciliary injection. 


The characteristic mark of 
When the inflammation is 


great, conjunctival injection also makes its appearance, and may con- 


ceal the ciliary injection to a greater or less extent. 


Very violent sup- 


purative inflammations of the cornea are accompanied by oedematous 
swelling of the conjunctiva and even of the lids. 

(¥) The iris and even the ciliary body become inflamed in cases 
of marked keratitis, so that we see the symptoms of iris and irido- 


cyclitis set in (see §§ 67 and 68). 


These accompanying inflammations 


may be intense enough to bring about the destruction of the eye. 
(c) Hypopyon* is the accumulation of a purulent exudate at the 


bottom of the anterior chamber (Fig. 31, c). 
symptom in keratitis suppurativa. 


It forms a frequent 
We then find collected in the 


lowest portion of the chamber a yellow mass which, because it is fluid, 


* From td, beneath, and mdéov, pus. 
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is limited above by a horizontal line, and for the same reason is seen 
to change its place and seek the deeper portions of the chamber when 
the head is moved. In other cases the mass is viscid or pultaceous, so 
that when seen from in front it has a border that is convex upward, or 
it lies quite like a solid ball at the bottom of the chamber and does 
not change its position with the movements of the head. Hypopyon 
usually originates both from the cornea and from the iris, the latter 
being inflamed as well, and both pouring a part of their exudate into 
the anterior chamber. The quantity of the pus produced in this way 
varies greatly, ranging from a scarcely perceptible amount lodged in 
the lower sinus of the chamber up to masses of such size that the entire 
chamber is filled by the hypopyon. Hypopyon may disappear by re- 
sorption, this process taking place the more rapidly the more fluid the 
hypopyon is. Pretty thick masses of exudation may become organized 
and lead to occlusion of the pupil, or, in rare cases, to adhesion of the 
iris to the posterior surface of the cornea. 

(d) The swdjective phenomena associated with keratitis are pain 
and photophobia, together with the lachrymation and spasm of the 
lids which these conditions cause, and also disturbance of vision— 
symptoms which are met with in very varying degree. 


The histological processes occurring in inflammation of the cornea have been 
the subject of the most zealous investigations, and especially of investigations 
experimentally conducted, because the attempt was made to study in this field 
the problem of inflammation in general. For such studies the cornea is par- 
ticularly adapted on account of its transparency, and also on account of the 
characteristic form of the fixed elements of its tissue. There is no doubt that 
in every keratitis there occurs an increase in the number of the cellular elements, 
whose accumulation causes the cloudiness of the cornea, visible to the naked 
eye, and finally, if very considerable, terminates in the formation of pus. Never- 
theless observers could not agree as to the source of the new cells which made 
their appearance in the cornea. Some, the leader of whom was Cohnheim, 
look upon them as white blood-corpuscles which have migrated into the cornea 
from the vessels of the corneal margin. Others, and especially Stricker, con- 
sider them derived from an increase in number of the normal fixed cells of the 
cornea. Iam persuaded from my own investigations that, in the cornca as well 
as in other tissues, both processes always go on simultaneously. Proliferation 
of the corneal cells takes place simultaneously with the migration of white 
blood-corpuscles, so that the new cells which make their appearance in the cor- 
nea originate partly in one way, partly in another, without our being able to 
discover, from the aspect of any particular cell, from which of the two sources 
it takes its origin. 

In the healing of the losses of substance produced by inflammation, the re- 
generation both of the epithelium and of the stroma of the cornea come in for 
consideration. The epithelium of the cornea is replaced by the growth of the 
epithelium from the edge of the ulcer. Losses of substances which affect the 
epithelium only, heal with a perfect restoration to the normal state and without 
leaving a permanent opacity. On the other hand, every loss of substance of 
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the corneal stroma is filled up by cicatricial tissue which forms from the bottom 
and sides of the ulcer. The chief part in this is taken by the fixed cells of the 
cornea in the immediate neighborhood of the ulcer, as these increase by division, 
and the cells which thus arise grow into connective-tissue fibers. The tissue 
thus formed is, however, essentially different from the normal tissue of the cor- 
nea (Fig. 32). The regular arrangement of the normal fibers of the cornea is 
wanting, and so, too, are the stellately branched fixed corneal corpuscles, which 
are replaced by ordinary connective-tissue cells. Bowman’s membrane (Fig. 
32, b) is never regenerated. The epithelium (Fig. 32, ¢) hence lies directly 
upon the cicatricial tissue, from which, being thinner in some places and thicker 
in others, it is separated by an irregular line. 

As a consequence of these peculiarities, the cicatricial tissue never pcssesscs 
the perfect transparency of the normal cornea, and is hence recognizable even 
with the naked eye as an opacity. After having existed for a long time, the 
texture of the cicatricial tissue approximates somewhat more closely to the 
regular structure of the corneal tissue. It accordingly gains in transparency, 
and a ‘‘clearing up” of the opacity is demonstrated to exist, which, however, 
goes as far as a complete disappearance of the opacity only in the case of quite 
small and superficial cicatrices. 

In deep losses of substance the restoration of the normal epithelial coating 
does not delay making its appearance until the ulcer itself has been completely 
filled up by cicatricial tissue. On the contrary, from the moment when the 
ulcer has become clean the epithelium begins to grow over the latter, and 
hence begins to cover it at a time when there is no cicatricial tissue present, or 
only a very thin layer of it (Fig. 30, at >). At this time the ulcer (on account of 
the absence of opaque cicatricial tissue) is still almost completely transparent, 
and, as a consequence of the restoration of the epithelial covering, is smooth 
and shining. The formation of cicatricial tissue now goes on beneath the epi- 
thelium, and by this process the latter is gradually lifted up to its normal level. 
In proportion as the layer of cicatricial tissue becomes thicker, the degree of 
opacity naturally increases; but it would be a very great mistake for the physi- 
cian to conclude from this fact that the disease was advancing. 

The signs before given, having regard to changes in the luster, evenness of 
surface, and transparency of the cornea, serve for the diagnosis of the variety of 
corneal disease that is present. They are not always, to be sure, found com- 
bined in a manner as schematic as has been represented. Some examples may 
show in what way exceptions to them occur. The opacities that are present 
upon the cornea may be old, and yet the cornea, because of a coincident in- 
crease of tension, may look dull and stippled. The surface of the cornea is not 
always smooth when there are infiltrates, nor yet when there are cicatrices. In 
the case of infiltrates, a bulging forward of the surface of the cornea often takes 
place on account of the deposition of an excessive quantity of exudation ; in the 
case of cicatrices, on the other hand, a flattening may take place in consequence 
of an insufficient filling in of the loss of substance. In doubtful cases, we must 
take still other factors into consideration, which may furnish points that will 
establish our diagnosis. Thus, in the case of a cicatrix, the outline of the 
opacity is commonly better defined than in the case of a recent opacity due to 
inflammation. The color of the latter form of opacity passes from gray to yel- 
lowish-white and to yellow; cicatrices, on the contrary, present rather a pure 
white, or, if thin, a bluish-white hue. Recent inflammatory processes are asso- 
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ciated with attendant inflammatory symptoms (ciliary injection, etc.), which 
are wanting in the case of cicatrices. By putting all these facts together the 
right diagnosis can almost always be made. 

A hypopyon consists chiefly of pus-cells. In regard to the source of the 
latter, views are no less divided than in regard to the origin of the cells of the 
exudate within the cornea itself, inasmuch as some will have it that they are 
derived chiefly from the cornea, others that they come solely from the uvea 
(iris and ciliary body). Here the truth lies in the mean between the ex- 
tremes, inasmuch as both organs are implicated in the process. Pus-cells from 
the infiltrate in the cornea pass through the most posterior layers of the cornea 
and so get into the fluid of the anterior chamber. Particularly in the case of 
abscess of the cornea, we often see pus extending in the form of a fine filament 
down to the hypopyon, from the spot upon the posterior wall of the cornea that 
corresponds to the abscess. In consequence of this, the hypopyon, when looked 
at from in front, presents a border that is convex upward; and, furthermore, it is 
found to be completely agglutinated to the posterior wall of the cornea, upon 
which it extends upward much farther than it does upon the anterior surface of 
the iris (Fig. 81, c). Ina case of this sort we can, looking from above, see for 
a little distance down behind the hypopyon. Many have located the filament 
of pus which extends downward from the posterior surface of the cornea, and 
even the hypopyon which is formed by it, in the interior of the cornea itself, 
assuming that a descent of pus takes place between the lamelle of the latter. 
By such authorities the compression of the pus between the lamelle of the cor- 
nea was given as an explanation for the flattened form of the hypopyon and for 
the convexity of its upper border; on account of the latter, the hypopyon was 
compared to the lunula of the finger-nail, and was hence called unguis or onyx 
(nail). This latter expression, therefore, should denote a descent of pus between 
the lamelle of the cornea. Any one can convince himself, while performing in- 
cision of a corneal abscess combined with opening of the anterior chamber 
(after the method of Saemisch), that what is called the onyx lies in the ante- 
rior chamber, and is nothing but a hypopyon of peculiar form. 

A part of the hypopyon arises from the inflamed uvea. This is proved by 
the presence of pigment-granules in many of the pus-corpuscles, which have 
carried the pigment with them from the inflamed uvea. The exudate thrown 
out by the uvea (iris and ciliary body) first gets into the aqueous humor, which 
is thus rendered turbid. Then, as the cells afterward sink to the bottom, they 
assist in the formation of the hypopyon. A portion of the exudate that is sus- 
pended in the aqueous humor often likewise attaches itself to the posterior sur- 
face of the cornea (Fig. 31, 6; compare also Fig. 61, 6 and). In such a case 
we see, apart from the circumscribed opacity corresponding to the focus of in- 
flammation, a diffuse opacity of the entire cornea, caused by the thin layer of 
exudation on its posterior surface. 

The resorption of the hypopyon takes place chiefly through the meshwork 
of the ligamentum pectinatum ($61). The rapidity with which absorption pro- 
ceeds varies exceedingly, In many cases a hypopyon of considerable size dis- 
appears so completely, that after twenty-four hours scarcely a trace of it is to be 
found; in other cases, the hypopyon remains lying at the bottom of the cham- 
ber so long that it becomes organized. Sometimes we observe a rapid alterna- 
tion in the height of the hypopyon which at times decreases, and again increases 
once more. 
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The blood-vessels which form during the cicatrization of a corneal ulcer ap- 
pear, in many instances, to persist for a long time in an empty state. For ex- 
ample, suppose that an eye is affected with a cicatrix which is not very recent 
and which apparently contains only a few vessels or none at all, and that an 
iridectomy is made upon the eye so that a certain amount of irritation is pro- 
duced. Then we often see, on the following day, not only the cicatrix but also 
the adjacent transparent cornea densely permeated by vessels. Since these 
vessels can not have been formed anew in so short a time. we are forced to 
assume that the old vessels, although empty, were still present and had again 
become filled with blood. Furthermore, after non-purulent varieties of kera- 
titis—e. g., after keratitis parenchymatosa—very minute vessels, only visible 
with the aid of the magnifying-glass, frequently remain, persisting for a num- 
ber of years, in the deeper layers of the cornea (Hirschberg). 


Subdivision of Keratitis. 


33. The subdivision of keratitis into keratitis suppurativa and kera- 
titis non-suppurativa corresponds most fully to practical requirements. 
Every suppurative keratitis, since it is associated with destruction of 
corneal tissue, leaves behind it a permanent opacity, which in many 
cases injuriously affects the visual power. On the contrary, so long as 
purulent dissolution of the cornea has not taken place—that is, in non- 
suppurative keratitis—a complete restoration of its transparency, and 
with it of the normal power of vision, is possible, and, in fact, often does 
take place. Moreover, the above subdivision also corresponds to the 
essential characters of the corneal inflammations. For it is not merely 
a matter of accident whether an infiltrate in the cornea goes on to 
suppuration or to resorption. On the contrary, the forms which tend 
to the production of suppuration ordinarily present from the very be- 
ginning characters differing from those borne by forms in which there 
is no progress toward suppuration, so that these two categories are dis- 
tinct not only in their consequences but also in their clinical aspect. 
In each of the two categories a number of different forms belong, the 
most important of which are set forth in the following list: 


A. Keratitis Suppurativa. 


Ulcer of the cornea. 
Abscess of the cornea. 
Keratitis e lagophthalmo. 
Keratomalacia. 

Keratitis neuroparalytica. 


wwe 


A Ne 


B. Keratitis Non-suppurativa. 


(a) Superficial forms. 


1. Pannus. 
2. Keratitis with the formation of vesicles. 
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(4) Deep forms. 
3. Parenchymatous keratitis. 
4. Deep keratitis. 
5. Sclerosing keratitis. 
6. Keratitis starting from the posterior surface of the cornea. 


A. SUPPURATIVE KERATITIS. 


1. Ulcer of the Cornea. 


34. Symptoms and Course.—Every ulcer of the cornea develops 
from a superficially disposed infiltrate. In the beginning we find one 
spot upon the cornea cloudy and the surface over it dull (infiltrate). 
Then the epithelium exfoliates upon the surface of the affected spot, 
and soon, by the breaking down of the most strongly infiltrated por- 
tions of the cornea, a loss of substance forms in the parenchyma of the 
cornea, so that an ulcer is produced. ‘This is at first surrounded by 
infiltrated portions of the cornea—a fact which we recognize by the base 
of the ulcer being gray and uneven, and its walls likewise gray and 
clouded. The walls of the ulcer are often surrounded for quite a dis- 
tance by a gray area, or slender gray strix, extending from the ulcer in 
different directions into the transparent cornea. ‘This is an unclean or 
progressive ulcer (Fig. 29). In a favorable case, only so much of the cor- 
neal tissue breaks down during the further progress of the disease as was 
from the very beginning too strongly infiltrated to live. In this case the 
ulcer rapidly becomes clean without attaining great dimensions. But it 
very often happens that, simultaneously with the breaking down of the 
parts that are most strongly infiltrated, the inflammatory cloudiness 
keeps spreading, new portions of the cornea being constantly attacked 
by the infiltration. And since these, too, break down into pus, the ulcer 
grows constantly larger. This progressive growth of the ulcer takes 
place sometimes more in the direction of the depth, sometimes more 
along the surface. In the former case, perforation of the cornea is to 
be apprehended; in the second case, larger and larger areas of the 
cornea may be destroyed and thus extensive opacities be produced. 
Progressive growth along the surface often takes place chiefly in one 
direction—a fact which can be easily recognized by a particularly 
marked gray cloudiness, or even a yellow cloudiness, of the ulcer-wall 
on the corresponding side. It may even happen that the ulcer keeps 
constantly advancing in one direction, while on the opposite side it 
heals just as fast, so that it goes creeping over the cornea (serpigi- 
nous * ulcer). 

The progressive stage of the ulcer is accompanied by symptoms of 


* From serpere, to creep. 
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irritation like ciliary injection, lachrymation, photophobia, and pain, 
which not infrequently reach a considerable height; moreover, in this 
stage hyperemia or even inflammation of the iris make their appear- 
ance (evidenced by turbidity of the aqueous humor, hypopyon, dis- 
coloration of the iris, contraction of the pupil, posterior synechiz). 
There are, however, cases of ulceration in which the irritative symp- 
toms are very slight, or are wanting altogether—cases constituting what 
are called ¢orpid or asthenic ulcers—which nevertheless may be very 
dangerous. 

When the infiltration has finally come to a standstill, the ulcer 
enters upon its regressive stage. The tissue that has been destroyed is 
cast off, that which has not been destroyed becomes transparent once 
more from resorption of the exudate. The ulcer “ cleanses” itself 
(Fig. 30). A clean ulcer presents a smooth base and edges with little 
or no opacity, and is chiefly to be diagnosticated by the excavation of 
the surface of the cornea, which we recognize when examining the cor- 
neal reflex. In proportion as the ulcer becomes clean, the associated 
symptoms of irritation disappear. 

After the ulcer has become entirely clean, cicatrization begins. 
Vessels extend from the nearest portions of the limbus to the ulcer, 
which latter, in consequence of becoming filled with the opaque mass 
of the cicatrix, becomes again more clouded, but at the same time con- 
stantly shallower, until finally it reaches the level of the adjacent nor- 


Fic. 33.—KreRATECTASIA PRODUCED BY AN Uncer. MAGNIFIED 25x1. 


The thinned and protruding cicatrix is distinguished by its denser texture from the adjacent 
normal cornea. The epithelium, e, over it is thickened, while Bowman's membrane, bis 
wanting. On the other hand, Descemet’s membrane, d, with its epithelium, is everywhere 
present—a proof that the ulcer has not perforated. 


mal cornea. Not infrequently, however, the new formation of the cica- 
tricial mass comes to a standstill before the loss of substance has been 
quite filled up, so that the surface of the cicatrix remains permanently 
alittle sunken. When such cicatrices are small they are, on account of 
the thinness of the cicatricial tissue, almost or quite transparent, and 
disclose their presence by a flattening of the cornea (corneal facet), only 
discernible upon examination of the corneal reflex. On the other hand, 
cicatrices not infrequently occur which project above the level of the 
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surrounding cornea. Such are the cases in which the cornea at the 
base of the ulcer, having become thinned, does not offer resistance to 
the intra-ocular pressure, and bulges forward. The bulging may disap- 
pear, owing to the contraction of the cicatricial tissue; but it may also 
remain permanently (ectactic cicatriz, keratectasia* ex ulcere, Fig. 33). 
The formation of ectactic cicatrices is, however, of much more frequent 
occurrence after perforation of the cornea. 

35. Perforation of the Cornea.—The course which an ulcer takes is 
much more complicated when the latter perforates the cornea. Per- 
foration takes place when the ulcer has penetrated down to the deep- 
est layers of the cornea. The patient suddenly experiences violent 
pain, and feels a hot liquid (the aqueous humor) gushing out of the 
eye, after which, not infrequently, the severe pains previously existing 
subside. Perforation may occur spontaneously or in consequence of a 
sudden increase of the intra-ocular pressure, such as may be caused by 
bodily exertion (even, for example, stooping), or by coughing, sneezing, 
screwing together the lids, crying (in children), etc. The increase in 
intra-ocular pressure, which develops under these circumstances, is to 
be referred to two causes: it is partly a result of the increase of blood- 
pressure (from the straining of the muscles, and also from congestion 
in the district drained by the superior vena cava), partly produced by 
direct compression of the eyeball, and particularly by the pressure which 
the ocular muscles, and especially the orbicularis palpebrarum, at such 
times exert upon it. The perforation produced by such causes may de- 
velop with violent symptoms and entail very damaging results. 

After perforation has occurred we find the anterior chamber obliter- 
ated in consequence of the escape of the aqueous humor; the iris and, 
in the region of the pupil, the lens also are applied to the posterior 
surface of the cornea. If the aperture made by the perforation is of 
suitable position and size, we see lying in it the iris which has been 
swept into the wound by the jet of escaping aqueous. The eye feels 
quite soft. 

Perforation is often preceded by a keratocele.t For, Descemet’s 
membrane being distinguished by the great resistance which, in com- 
parison with the corneal lamelle, it offers to the inflammatory process, 
it often happens that the stroma of the cornea is destroyed throughout 
its entire thickness by suppuration, while Descemet’s membrane still 
remains resistant. In that case it is protruded by the intra-ocular 
pressure under the form of a transparent vesicle which is visible upon 
the floor of the ulcer, or which may even project above the level of the 
adjacent cornea (keratocele or descemetocele). When this vesicle, too, 
ruptures, the perforation becomes complete. Sometimes the ulcer heals 


* From xépas, horn, and écragis, distention, from écrelvew, to stretch out. 
+ From «ép2s, horn, and «han, rupture. 
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without the keratocele either rupturing or being flattened out. The 
latter then remains permanently under the form of a vesicle which 
projects above the surface of the cornea, and which, itself transparent, 
is surrounded by a cloudy, cicatricial ring. 

The direct effect of a perforation upon the course of the disease is 
for the most part favorable, inasmuch as not only the pain and the 
other symptoms of irritation abate, but the progress of the ulcer also 
is, as a rule, arrested, and the ulcer rapidly becomes clean. The reason 
for this favorable influence is probably to be looked for in the fact that 
after the escape of the aqueous humor the intra-ocular pressure sinks 
considerably, and the resulting diminution in the tension of the cornea 
facilitates the circulation in the latter. 

The method in which the perforation in the cornea closes again 
varies according as it is placed in front of the iris or the pupil. If the 
opening is found in front of the iris, as is generally the case, it is 
quickly covered by the iris, which, after the escape of the aqueous 
humor, is driven forward as far as the cornea. In this way it becomes 
possible for the anterior chamber to be restored within a very short 
time, although, to be sure, the iris at the site of the perforation re- 
mains permanently connected with the cornea. If the perforation is 
quite small, the iris simply applies itself to it from behind and there 
becomes solidly adherent. In case, however, the perforation is larger, 
the iris, as a rule, is driven 
into it by the escaping aque- 
ous humor, and thus a pro- 
lapse or hernia of the iris is 
produced (Fig. 34). This is 
represented by a hemispherical 
prominence which, while re- 
cent, has the gray or brown 
color of the iris. Soon, how- 


Fic. 34.—PARTIAL PROLAPSE OF THE IRIS. 


ver is color is changed be- SCHEMATIC. 

ie Pe CHORE e . The iris, which is thickened by the process of infiltra- 
cause of a layer of gray exuda- tion, and is covered on its anterior and posterior 
, 3 - ‘ surface by the exudate, e, e;, rises up between 
tion (é, Fig. 34) which covers the sharp edges of the margins of the ip hetee 
j c tion, which are stillinfiltrated, Peripherally from 
the prolapse like a cap, and the prolapse the iris is approximated to the cor- 
7 d ith fi nea, although here a remnant, v, of the anterior 

may be removed wi a tor- chamber still exists. 


ceps. When the prolapsed AS 
portion of the iris is much stretched, the proper color of the iris is 
lost and the prolapse looks black, because of the retinal pigment on 
its posterior surface, which appears through the thinned stroma. ‘This 
is particularly often the case in large prolapses of the iris. The extent 
of the prolapse of the iris is proportional, first of all, to the size of 
the perforation. In the worst cases the perforation may comprise 
the whole cornea, which has suppurated throughout; in that case the 
iris prolapses through its entire extent (total prolapse of the ins, Fig. 
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The pupil is then generally closed up by a plug of exudation 
But the way in which the prolapse occurs has also an influence 
If the perforation takes place with great force (e. g., 
while the patient is straining 
hard), or if the patient behaves 
in a restless manner after it 
has taken place, a relatively 
larger portion of the iris will 
be driven into the perfora- 
tion. 

The cicatrization of a cor- 
neal ulcer, which is associated 
with a prolapse of the iris, 


upon its size. 


Fic. 35.—TotTaL PrRo.apse OF THE IRIs. 
SCHEMATIC. 
Only the marginal portions, c, of the cornea are pre- 
served, and these are still partially infiltrated. 


Between them bulges the iris, which is driven 
strongly forward and which consequently is 
thinned so that the pigment, 7, upon its pos- 
terior surface shines through it and gives the 
prolapse a blackish hue. The pupil, », is closed 
by amembrane. The space, h, between the iris 
and the lens is the enlarged posterior chamber 
Of the anterior chamber only the shallow, slit- 
like, annular space, v, is left. This no longer 
communicates anywhere with the posterior 
chamber (seclusio pupillee). 


occurs in the following man- 
ner, if the prolapse is left to 
itself: The prolapsed iris in 
the first place becomes solidly 
agglutinated to the walls of 
the opening caused by the 


rupture, and wherever it is 
exposed it is converted by inflammation into a sort of granulating 
tissue, so that the prolapse soon loses the color of the iris and becomes 
grayish-red. Subsequently there develops from the proliferating tissue 
of the iris cicatricial tissue, which first becomes visible under the form 
of isolated gray bands. By the contraction of these latter, constric- 
tions are formed upon the surface of the prolapse. As the formation 
of the cicatrix proceeds, these bands become broader, fuse together, and 
render the prolapse constantly flatter and flatter. Hence in favorable 
cases the process terminates in the formation of a flat cicatrix situated 
at the level of the rest of the cornea, and at the site formerly occupied 
by the bulging prolapse. As, therefore, this cicatrix is mainly a por- 
tion of iris which has become cicatricial, the portion of the iris re- 
maining in the anterior chamber naturally is solidly united to it. Such 
an adhesion of the iris to a corneal cicatrix is called an anterior syne- 
chia.* ; 
Owing to the fact that the iris is drawn forward to the scar, the 
pupil loses its round shape and is drawn in toward the site of the adhe- 
sion (cf. Fig. 163). To what extent this is the case depends upon 
where the perforation is situated and what part of the iris is prolapsed. 
In peripherally situated ulcers, it is a portion of the ciliary zone of the iris 
that prolapses into the corneal wound. In this case the pupil is drawn 
strongly toward the site of the perforation ; it has the shape of a pear, 


* From ovvéxew, to connect. The term leucoma adherens (from Aeueds, white) 
is also employed to denote a cicatrix of the cornea with anterior synechia, 
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the sharp end of which is directed toward the site of the synechia. If 
the perforation is situated near the center of the cornea, the pupillary 
portion of the iris becomes engaged in it in healing (Fig. 34), and in 
this case the distortion of the pupil is slight, or entirely absent. If the 
perforation is so large that the entire pupillary margin of the iris is in- 
volved in the prolapse and becomes attached to the cornea in healing, 
the pupil is permanently closed by the cicatrix that is formed; there 
are produced occlusio and seclusio pupille, together with their de- 
structive consequences. 

In the healing of large perforating ulcers of the cornea, the shrink- 
ing of the cicatricial tissue is often so great that the corneal cica- 
trix appears flattened when compared with the normal curvature of 
the cornea. This flattening, moreover, may extend beyond the cica- 
tricial spot to the portion of the cornea which is still transparent, and 
which in that case becomes flatter over its whole surface (applanatio 
cornee). If the cornea has been entirely destroyed by suppuration, 
so that a total prolapse of the iris has developed, the latter ulti- 
mately becomes reduced to a small and perfectly flat cicatrix, which 
appears in place of the cornea ( phthisis cornee). The distinction be- 
tween applanatio and phthisis of the cornea is as follows: In the 
former the cornea is still present, although it is in part cicatricial, and 
thus as a whole is flattened. In the latter, on the other hand, nothing 
of the cornea is left except a very narrow marginal rim, which gen- 
erally withstands the destructive process of ulceration. The flat 
cicatrix which takes the place of the cornea is, in this case, the cica- 
trized iris. 

The healing of a prolapse of the iris with the formation of a flat 
cicatrix must be regarded, even though the latter is opaque, as a rela- 
tively favorable outcome of a large corneal perforation. Such an eye, 
of course, is seriously impaired as regards its function, but yet, after 
the process has run its course, it remains in a state of quiescence, and 
generally causes its owner no further trouble. The case is different 
when healing takes place with the formation of an ectatie cicatrix. 
This occurs in the following manner: The prolapsed iris becomes coy- 
ered with cicatricial tissue, but this is not strong enough to effect the 
flattening of the prolapse. Hence the latter becomes consolidated in 
its original form as a protrusion, and is converted into an ectatic cica- 
trix with inclusion of the iris (staphyloma cornew). A large-sized per- 
foration-opening and restlessness of the patient favor the formation of 
such an ectasis. Whenever a prolapse of the iris has become so exten- 
sive that it is constricted by the margin of the perforation, and hence 
has acquired a mushroom shape, the formation of a flat cicatrix, with- 
out artificial aid, becomes altogether impossible. 

If the perforation in the cornea is not in front of the iris, but lies 
in the region of the pupil, it can not be covered by the iris. Its occlu- 
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sion in this instance takes place more slowly by an outgrowth of new- 
formed tissue (cicatricial tissue) from the margins of the opening, until 
the opening is filled up. In such a case the anterior chamber remains 
absent for a somewhat longer time, and meanwhile the lens is in con- 
tact with the posterior opening in the cornea. ‘The lens may bear away 
permanent marks of this contact, most frequently in the form of a cir- 
cumscribed opacity at its anterior pole (anterior capsular cataract; see 
§ 90). If during cicatrization the delicate membrane occluding the 
opening is repeatedly ruptured (which generally occurs from improper 
behavior on the part of the patient), the perforation may at length re- 
main permanently open, and a fistula of the cornea is formed. This 
appears under the guise of a small dark point, surrounded by whitish 
cicatricial tissue; the anterior chamber is absent, the eye is soft. If 
the fistula of the cornea persists for a long time, the eye gradually per- 
ishes. ‘The cornea flattens out, the eye grows softer and softer, and at 
length goes blind from detachment of the retina. On the other hand, 
as soon as the fistula closes up, an increase of tension is apt to set in, 
that may lead to a renewed rupture of the occluding substance, which 
is still but slightly resistant. An alternation of this sort between an 
open fistula with softness of the eyeball, gradual closure of the fistula, 
and a consequent steady increase of pressure until the cicatrix ruptures 
anew, may be repeated for a long time, until finally a severe inflamma- 
tion occurs, which leads to the atrophy of the eye, and thus puts an 
end to the process. 

Other bad consequences of perforation of the cornea, which are 
sometimes observed, are: 

(a) Luxation of the Lens.—After the escape of the aqueous humor, 
the lens, to reach the cornea, must be pushed forward through the entire 
depth of the anterior chamber (2°5 millimetres), a movement associated 
with a considerable degree of stretching of the zonula of Zinn. If the 
forward movement takes place very suddenly, or if the fibers of the 
zonula have been rendered fragile by disease, the zonula ruptures. In 
consequence the lens may assume an oblique position, or, 1f the per- 
foration is large enough, may even be expelled from the eye. 

(0) Intra-ocular hemorrhages are the result of the rapid diminu- 
tion in tension, by virtue of which an increased quantity of blood flows 
into the vessels of the interior of the eye, which have been thus sud- 
denly relieved of extraneous pressure, and causes their rupture. Hem- 
orrhage takes place if the perforation occurs very suddenly, or if the 
eye beforehand was under an abnormally high tension. The latter is 
the case in glaucomatous and staphylomatous eyes, in which, further- 
more, there is generally also a degeneration of the vessels associated 
with an increased fragility of their walls. The hemorrhage may be so 
great that the entire contents of the eyeball are extruded by reason of it ; 
nay, more, the patient may almost be in danger of bleeding to death. 
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(c) Suppuration starting from the cornea may be carried over into 
the deeper parts of the eye and lead to the destruction of the latter by 
purulent irido-cyclitis, or even by panophthalmitis. This occurs prin- 
cipally in the case of extensive destruction of the cornea, especially if, 
at the same time, the suppuration is of a particularly virulent character, 
as in acute blennorrhcea or in abscess of the cornea. 

The Clearing of Corneal Cicatrices.—The cicatrix, remaining after 
an ulcer, appears after a long time, as after months or years, less large 
and less opaque than it was directly after the healing of the ulcer was 
completed ; the cicatrix has partially “cleared up.” In this way quite 
small cicatrices may become altogether invisible. The extent to which 
clearing takes place depends principally upon two circumstances: upon 
the thickness of the cicatricial tissue and upon the age of the indi- 
vidual. The deeper the cicatrix penetrates into the cornea, the less 
it clears up; perforating cicatrices of the cornea, if they are ever so 
small, remain permanently opaque. (A fine example of this is afforded 
by the punctures which the discission needle makes, and which remain 
visible as gray points upon the cornea all during life.) The age of the 
individual influences the process of clearing, in that the latter makes 
greater advances the younger the patient is. For this reason cicatrices 
after blennorrhcea neonatorum often clear up in a wonderful way. 

36. Etiology.—With reference to their etiology, all inflammations 
of the cornea may be divided into two great groups: primary and sec- 
ondary keratitides. By the former, we understand those which have 
their starting-point in the cornea itself; by the latter, on the contrary, 
those which have passed over to the cornea from other structures, and 
most frequently from the conjunctiva. This distinction, true with re- 
gard to keratitis in general, is especially so with respect to ulcers of the 
cornea. 

Primary ulcers of the cornea most frequently owe their develop- 
ment to traumatism. Under this head belong not only injuries in the 
narrower sense of the word, but also a lesion of the cornea by means 
of small foreign bodies, by faultily placed cilia, by papillary growths 
on the free border of the lids, etc. Ulcers, furthermore, develop from 
corneal abscesses when the anterior wall of the latter is destroyed by 
suppuration, and also form after the separation of eschars produced by 
burns or the action of caustics. Other ulcers are dependent upon a 
disturbance in the nutrition of the cornea, as the ulcers in eyes with 
absolute glaucoma where the cornea has become insensitive, or ulcers 
which deyelop in old cicatrices of the cornea (atheromatous ulcers). 

Secondary ulcers are the results of an affection of the conjunctiva. 
All inflammations of the conjunctiva may be complicated with inflam- 
mations of the cornea; and in severe inflammations of the conjunctiva, 
as in acute blennorrheea and diphtheria, this is quite the rule. 

The direct cause of the formation of ulcers in the cornea, accord- 
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ing to the present views regarding suppuration, is to be looked for 
in the majority of cases in the entrance of micro-organisms into the 
tissue of the cornea. We may have to do in this case either with 
specific organisms, as in the case of acute blennorrhoa, or with the 
ordinary pus-cocci (principally the Staphylococcus). The latter are 
always found in the secretion of a conjunctiva affected with catarrh. 
If, now, through a slight traumatism of any sort, the protective epithe- 
lial covering of the cornea is injured at some spot, the door is opened 
for the entrance of cocci into the tissue of the cornea. In this way 
are to be explained the small corneal ulcers which occur so frequently 
in old people, and which are referred to the impact of dust, etc., upon 
the eye. So slight an injury would, in a normal eye, heal in a very 
short time, without leaving a trace behind. But if a chronic conjunc- 
tival catarrh is at the same time present, the small wound becomes in- 
fected by the secretion of the conjunctiva, and consequently an ulcer 
develops. In people of the working-class ulcers of the cornea occur 
much more frequently than among the well-to-do classes, because they 
very often suffer from neglected chronic catarrhs, and at the same time 
very frequently render themselves liable to injuries of the cornea. 

Treatment.— Ulcers of the cornea are very amenable to proper and 
energetic treatment. They hence in general afford a favorable prog- 
nosis if they come under treatment early; in the great majority of 
cases it is possible to put a stop to their progress, and produce regular 
cicatrization. ‘The treatment varies according to the stage in which 
the ulcer comes under treatment. 

(a) Recent ulcers that are still fowl (progressive) require, most of 
all, the consideration of the causal indication. In traumatic ulcers 
any foreign bodies that are still present must in every case be removed. 
Cilia which are directed against the cornea must be epilated ; papillo- 
mata of the edges of the lids, when causing trouble in the cornea, must 
be removed. In the numerous cases in which the ulcer of the cornea 
is caused by a conjunctival lesion, the treatment of the latter forms, as 
a rule, the most important part of our therapeutics, and under it, 
moreover, the ulcer advances toward recovery. Hence, in corneal 
ulcers resulting from catarrh, trachoma, or acute blennorrheea of the 
conjunctiva, we must by no means desist from cauterization of the 
latter, if it is required by the conjunctival trouble. The only precau- 
tion that must be observed is that the caustic application should not 
come into contact with the cornea itself—a contingency which can be 
avoided by carefully washing off from the conjunctiva, any excess that 
may be present. Furthermore, we should cauterize with the silver solu- 
tion only, and not with the copper-stick, which is too irritating, and still 
less with the acetate of lead, which might lead to the formation of in- 
erustations of lead upon the cornea. Moreover, as long as progressive 
ulcers are present in the cornea, no irritating collyria, such as the col- 
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lyrium adstringens luteum and the like, should be instilled, as they 
would then come into contact with the cornea. 

The indicatio morbi requires in most cases the application of a 
bandage. Bandages are distinguished into protective bandages and 
pressure bandages, according as they are applied lightly or firmly. In 
recent ulcers a simple protective bandage is sufficient. The object of 
this is to keep the lids closed and at rest without exerting any press- 
ure upon the eyeball. The immobilization of the lids acts chiefly to 
prevent the floor of the ulcer from being swept by the lids with every 
movement of winking, which would give rise to constant irritation of 
the ulcer, and also to pain through contact with the nerve-fibers lying 
exposed in it. Hence the pains are sometimes cut short at once by the 
application of a proper bandage. The bandage acts also to protect the 
ulcer from dust. ‘The dust which is always falling upon the cornea is 
continually carried off by the movements of the lids; but in the de- 
pression which constitutes the ulcer it is not reached by the lids as 
they sweep over it; it consequently remains lying where it is, and may 
infect the ulcer. The bandage, as a rule, is to be kept on until the 
ulcer gets to be clean and becomes lined with an epithelial covering 
which protects the cornea against exterior influences. When the floor 
of the ulcer is thinned and shows a tendency to bulge, the use of the 
bandage must be kept up until the freshly formed cicatrix is sufficiently 
strong to offer resistance to the intra-ocular pressure. 

A contra-indication against the bandage is furnished by a profuse 
secretion, because the latter would be retained in the conjunctival sac 
by the closure of the lids, and would remain in constant contact with 
the ulcer. For this reason, in ulcers resulting from conjunctivitis the 
bandage must be very often dispensed with. In quite small children, 
also, the bandage is generally useless, since it soon gets displaced ; and 
a badly applied bandage is more hurtful than to have the eye remain 
open. 

Next to the bandage atropine plays the most important part in the 
treatment of ulcers. It combats the inflammation of the iris, hence 
diminishes the general state of irritation, and so reacts favorably upon 
the ulcer itself. It must be instilled as often as is necessary, in order 
to keep the pupil steadily dilated. With these two remedies alone— 
the bandage and atropine—we attain our object in light cases. For 
those ulcers, however, which from the purulent hue or from the strong 
infiltration of their surrounding parts show a rapidly progressive char- 
acter, we must employ still other remedies. ‘hese are, moist warm 
compresses, iodoform, the actual cautery, and paracentesis of the an- 
terior chamber. 

Moist warm compresses are made by taking a very light linen cloth 
folded several times, which simply covers the closed eye without press- 
ing upon it by its weight. Before being applied, this is dipped in hot 
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water end then well wrung out; and it must be changed frequently in 
order to be constantly warm. The warm compresses are applied every 
day for an hour or more, and the dressing must be left off each time 
for the same period. Very finely powdered dodoform may be sprinkled 
upon the ulcer itself. If in spite of these remedies the ulcer is evi- 
dently spreading, we must proceed to the operation of cauterizing the 
uleer by means of the actual cautery (Gayet). For this purpose we 
use a small sharp-pointed cautery-iron, or the galvano-cautery loop, or 
Pacquelin’s thermo-cautery. With one of these instruments the ulcer 
is cauterized wherever it shows a gray coating. In the case of exten- 
sive ulcers it is not necessary to cauterize the entire ulcerating surface, 
but it is sufficient to destroy the most infiltrated portion of its margin, 
at which an advance of the ulcerative process is to be expected. In per- 
forming the cauterization we make the cornea insensitive by the repeated 
instillation of a five-per-cent solution of hydrochloride of cocaine. 

Another potent remedy for combating rapidly spreading ulcers is 
paracentesis of the anterior chamber (for the method of its perform- 
ance see the section of operations, $ 155). People were led to do this 
operation by observing that ulcers after spontaneous perforation gen- 
erally went on to heal rapidly. In a similar manner, artificial perfora- 
tion—i. e., puncture of the cornea—performed early, prevents the ex- 
tension of the ulcer and its threatened rupture. Why should we not 
wait until the ulcer spontaneously perforates the cornea? Because in 
the mean time the ulcer keeps enlarging superficially and thus would 
produce a more extensive opacity, and, furthermore, because after ulcer- 
ative perforation of the cornea, a prolapse of the iris almost always 
develops, leading to the formation of an anterior synechia, while with 
a properly performed puncture this is not the case. 

If perforation is imminent, and we prefer not to bring it about 
artificially by puncture, we take care to have the patient kept quiet—a 
thing best done by making him he in bed, in order that the perforation 
may take place slowly, and that as little as possible of the iris may be 
driven into the opening. 

(L) When perforation of the cornea has taken place, treatment has 
to aim at the following objects: in the first place, that the iris shall 
not adhere to the cornea, or at least shall do so to the smallest possible 
extent; in the second place, that a firm and flat (not ectatic) cicatrix 
shall be formed. ‘The two objects are attained as follows: 

1. If the perforation is small the iris does not prolapse into it, but 
simply becomes applied to its posterior orifice. In such cases, rest, a 
bandage, and atropine suffice for the treatment. There then remains 
only a punctiform adhesion of the iris to the corneal cicatrix, and this 
is often subsequently drawn out into a thin filament. In particularly 
favorable cases no anterior synechia at all may be produced; for in- 
stance, if the iris, before it has become firmly adherent to the site of 
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perforation, is pushed away from it by the reaccumulating aqueous 
humor. 

2. If—in the case of a prolapse of greater size—the iris has pro- 
lapsed, it should be excised. , A replacement of the iris into the anterior 
chamber (reposition) is in most cases impossible of performance, and, 
even if it should succeed, would have no lasting results, since the iris 
would continually prolapse again. For the performance of excision we 
first make the cornea insensitive by means of cocaine. Then with a 
sharp-pointed instrument (conical sound) we separate on all sides the 
adhesions of the prolapse to the orifice of perforation, draw the iris as 
far as possible out of the wound with the forceps, and snip it off close 
to the cornea (Leber). If the operation has been successful, the iris 
ought no longer to be attached anywhere to the margin of the aper- 
ture; on the contrary, there should be a coloboma of the iris with free 
pillars, as after a regular iridectomy. In this way we obtain a firm 
cicatrix without inclusion of the iris. 

The performance of excision is possible only in recent prolapses 
(prolapses a few days old), as afterward the prolapsed iris becomes 
so solidly adherent to the margins of the perforation that a separation 
of the iris from the latter is no longer feasible. Similarly it is not to 
be recommended in the case of a very large perforation. In these two 
cases—i. e., 

3. In old or very extensive prolapses of the iris we abstain from re- 
leasing the iris from the cornea; we confine ourselves to the attempt 
to transform the prolapse into a firm and flat cicatrix. In many cases 
a pressure bandage applied for a long time accomplishes this end. If 
we can not attain our object in this way, as is particularly the case 
when the prolapse is constricted at its base like a mushroom, we must 
produce flattening of the prolapse by repeatedly puncturing it or by 
excising a small portion. In the case of a very bulging total prolapse 
of the iris, it is advisable to split it transversely, and then, after open- 
ing the anterior capsule, to expel the lens. If there is a remnant of 
sound cornea left broad enough for the performance of an iridectomy, 
this operation is an excellent means for securing the formation of a 
flat cicatrix. 

4. In keratocele, the maintenance of rest, the application of a band- 
age, and ultimately the puncture of the protruding vesicle, are em- 
ployed. 

5. In fistula of the cornea, in order to effect its closure, everything 
must be avoided that might temporarily increase the ocular tension, and 
thus force the fistula open again just as it is closing. For this pur- 
pose we order rest in bed, with the application of a light bandage to 
both eyes, while at the same time we instill a miotic (eserine or pilo- 
carpine, see § 65) in order to diminish the pressure In the anterior 
chamber. An iridectomy has a very good effect, but this can be per- 
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formed only when the anterior chamber has been, at least to some ex- 
tent, restored. Refreshing of the edges of the fistula by means of cau- 
terization is also employed, but is not without danger. 

(c) The treatment of. ulcers in the regressive period, or period of 
cicatrization, should aim at having the loss of substance completely 
filled with a resistant cicatrix, and at having the latter rendered as 
transparent as possible. For the attainment of both objects irritants 
are employed. We begin cautiously with the weaker remedies, passing 
gradually, if these are well borne, to the stronger ones. One of the 
mildest of irritants is powdered calomel; more energetic is the action 
of the yellow-precipitate ointment (from one to four per cent), the 
collyrium adstringens luteum,* and tinctura opii crocata.t In apply- 
ing the yellow-precipitate ointment, we distribute it through the con- 
junctival sac by rubbing it about with the upper lid—in doing which 
we at the same time perform a sort of massage upon the clouded cor- 
nea. Another irritant remedy that is recommended is vaporization— 
that is, the application of hot vapor (of water either alone or with the 
addition of irritant fluids) to the cornea by means of an atomizer, such as 
is employed for inhalation. It is advisable to continue the application 
of these irritants for a long time in order to secure the greatest possi- 
ble clearing up of the cornea, but in so doing the remedies must be 
changed from time to time, as otherwise the eye gets accustomed to 
them and they lose their efficacy. 


Ulcers of the cornea are among the most frequent affections of the eyes, and 
special significance attaches to them because the opacities that they leave very 
often impair the sight. Ulcers of the cornea, if we except those resulting from 
conjunctivitis lymphatica, are found much more frequently in adults, and espe- 
cially in elderly people, than in children. It seems that in the later years of 
life the cornea is less well nourished, and is hence more disposed to disintegrate 
than in youth. 

The physician who is called to a patient with an ulcer of the cornea must, 
after examining the eye, have acquainted himself not only with the diagnosis 
but also the prognosis ; he must tell the patient beforehand to what extent his 
sight will suffer permanent impairment, in order that the medical treatment may 
not subsequently be made accountable for this loss. The prognosis for vision 
depends upon the situation, the extent, and the density of the opacity which 
the ulcer has left behind it. Small opacities, even when dense, are generally 
less injurious to vision than those which are less dense but extensive. It is 
hence less serious for an ulcer to extend into the depth of the tissues than upoa 
the surface. If an ulcer advances in the direction of the center of the cornea, 
every millimetre causes additional injury to the vision, while an extension 


[* See p. 46.] 

[+ The tinctura opii crocata of the Austrian Pharmacopoeia is made by extract- 
ing 10 parts of saffron with 100 parts of aqua cinnamomi aquosa (cinnamon-water 
containing 5 per cent of alcohol) and mixing the solution thus obtained with opium 
in the proportion of 10 parts of the former to 1 part of the latter.— D.] 
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toward the corneal margin is almost a matter of indifference. No further dis- 
integration is to be apprehended at those portions of the margin of the ulcer, 
to which vessels have already penetrated, and so, too, a portion of the cornea, 
covered by pannus, is protected against suppuration in acute blennorrhea, In 
every instance the ulcer is arrested at the limbus, as it never makes its way into 
this or into the adjacent sclera. The only exception to this is formed by those 
ulcers which not infrequently develop from the nodules of conjunctivitis lym- 
phatica, situated in the limbus. Even extensive suppuration of the cornea, as 
in acute blennorrhcea, abscess, etc., always leaves a narrow rim of cornea in- 
tact, which, to be sure, is often not of sufficient size to render an iridectomy 
for the restoration of vision possible. 

Corneal ulcers occur under many various forms, some of which are well 
characterized, partly by their etiology, partly by their aspect and course. These 
may be enumerated as follows: 

1. In conjunctivitis lymphatica, as well as in conjunctivitis ex acne rosacea, 
we find small, superficial, generally marginal ulcers, which, as a rule, get well 
rap'dly. They are the only ones that go over into the limbus. 

2. The vascular fasciculus (keratitis fascicularis) is likewise observed in con- 
junctivitis lymphatica, and is produced by an ulcer making its way from the 
margin of the cornea farther and farther into the latter, and trailing after it a 
leash of vessels from the limbus (page 86). 

3. Caturrhal ulcers are characterized by their crescentic shape, as-well as by 
their position near the corneal margin, and concentric with it. 

4. In pannus trachomatosus small ulcers frequently occur, which develop 
from the infiltration at the margin of the pannus. Sometimes along the margin 
of the pannus a whole series of such ulcers is found, which also may coalesce 
into one large crescentic ulcer. Other ulcers develop in the midst of the pan- 
ous in spots where the infiltration penetrates more deeply into the cornea and 
leads to ulcerative disintegration. 

5. The central, non-irritative ulcer occurring in trachoma develops generally 
in the center of the cornea. It is distinguished by the absence of accompany- 
ing symptoms of irritation, so that often the disturbance of vision is the only 
thing that calls the patient’s attention to his trouble. Objectively, the ulcer is 
distinguished by the fact that even during the progressive period it is but very 
slightly clouded, so that it scarcely gives any evidence of its presence except 
the loss of substance that it produces; it may therefore be very easily over- 
looked if we do not examine the cornea by carefully testing its reflex. It has a 
tendency to fill up incompletely with cicatricial tissue, so that a central facet 
remains which causes very great deterioration of sight by the production of 
irregular astigmatism. : 

6. Ulcers in acute blennorrhea and in diphtheria of the conjunctiva begin rel- 
atively often in the lower half of the cornea. They generally spread rapidly, 
and often lead to destruction of the entire cornea, or even to panophthal- 
mitis. : 

7. Traumatic ulcers of the cornea are, as a rule, small and superficial, and 
occur for the most part in elderly people. They are located in the zone of the 
cornea that lies in the palpebral fissure; the upper third of the cornea, which is 
covered by the upper lid, therefore generally is exempt from them. But be- 
sides these ulcers, which run a rapid course and are benign, others also oceur— 
usually after inconsiderable injuries—which, from the beginning, give evidence 
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of greater malignancy, by having the yellowish tinge of pus, and also by the 
particularly opaque, yellow, and often somewhat swollen appearance of some 
portion of their margin; this latter showing the direction in which the ulcer 
then rapidly advances. Moreover, the symptoms of iritis with hypopyon set in 
early. These ulcers are closely related in every respect to abscesses of the cor- 
nea, in connection with which they will again be considered. 

8. Small marginal ulcers of the cornea occur frequently in elderly people, 
especially of the male sex, without any conjunctival lesion or external trauma- 
tism being discoverable as their cause. They develop with pretty violent com- 
plications, but are scarcely of the size of a pin’s head, and heal rapidly without 
penetrating deeply. They are particularly troublesome from the fact that they 
are prone to recur, so that many people have to go through with attacks of this 
kind of keratitis one or more times every year. 

9. Herpes cornee febrilis (rarely also herpes cornee zoster, see § 42) may give 
rise to ulcers formed from the ruptured herpetic vesicles. These have the prop- 
erty of not penetrating deeply, but of being very prone to spread superficially. 
This superficial extension may take place in two ways: either the ulcer extends 
in all directions uniformly, in which case we have a large but quite superficial 
loss of substance everywhere surrounded by a narrow, sharp, usually festooned, 
gray, and infiltrated margin, which pushes its way farther every day; or exten- 
sion takes place in certain directions only. In the latter case, from the loss of 
substance, which originally is small, gray strize extend on one side or more into 
the transparent cornea, and grow constantly longer, at the same time becom- 
ing forked, and also sending out lateral branches. Thus there is produced in 
the cornea a very pretty gray figure which is branched like a tree, and often 
bears nodular swellings at the extremities of its branches—keratitis dendritica 
(Emmert). This branched infiltrate breaks down into an ulcer having the 
form of a deep, branched furrow, with gray margins inclosing it. Then this 
ulcer becomes clean and heals, leaving behind it an opacity, whose branched 
form allows us to recognize, even some time afterward, the nature of the ante- 
cedent affection. 

10. Uleus rodens (Mooren). A superficial ulcer develops from the margin of 
the cornea (usually the upper margin) with marked inflammatory complications. 
From the sound portion of the cornea it is limited by a gray, clouded margin, 
which is evidently undermined. This latter symptom is characteristic of ulcus 
rodens. After a short time the ulcer begins to grow clean and to cicatrize, be- 
coming covered with vessels from the limbus. Just when one supposes the 
process to be nearing complete recovery, a relapse sets in with a return of the 
symptoms of irritation, and in this the ulcer pushes its way forward some- 
what farther in the cornea. So the disease goes on with discontinuous attacks 
and intervening remissions, until the ulcer has covered the entire cornea. The 
latter is thus everywhere deprived of its superficial layers, and hence remains 
permanently clouded throughout its entire extent, so that vision is very greatly 
diminished. Perforation of the cornea in this affection has never been ob- 
served. This rare disease attacks elderly people, and not infrequently invades 
ooth cornee either simultaneously or in succession. It was regarded as incur- 
able as long as people were unacquainted with the cauterization of the cornea 
by means of the actual cautery. If, however, we destroy the margin of the: 
ulcer by this means, the ulcer itself is sure to be cured. 

The vascular fasciculus, keratitis dendritica, and- uleus rodens have the 
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common trait of creeping along slowly in the cornea, for which reason they are 
also designated by the name of serpiginous ulcers of the cornea. 

11. Atheromatous ulcers develop in old cicatrices of the cornea, when the 
latter have undergone degeneration through the deposition of fat or lime, or 
when they are exposed to mechanical injuries (as, for example, when at the 
apex of a corneal staphyloma). These ulcers torment the patient by the fre- 
quency of their recurrence and the associated symptoms of irritation; they may 
also produce perforation of the cornea, and through this panophthalmitis. 

12. In eyes which are rendered blind by glaucoma absolutum, either puru- 
lent ulcers or abscesses of the cornea may develop. These are ordinarily asso- 
ciated with considerable hypopyon, and frequently terminate either in perfora- 
tion of the cornea with resultant hemorrhages from the eyeball, or in panoph- 
thalmitis. Like atheromatous ulcers, they are caused by insufficient nutrition 
and innervation of the cornea, an insufficiency already made apparent from the 
insensitiveness of the latter. With both varieties of ulcers, the enucleation of 
the blinded eye is sometimes the only remedy that permanently relieves the 
patient of the tormenting, frequently recurring formation of ulcers. 

The treatment of corneal ulcers has very recently made great progress, 
chiefly because of the introduction of cauterization by means of the actual cau- 
tery, which we owe principally to Gayet; for those very purulent and infiltrated, 
rapidly progressive ulcers, in the face of which we were often powerless, are 
just the ones that by this means are usually at once arrested. The. application 
of the cautery is painless when cocaine is employed, and does not, as might be 
supposed, cause any marked irritation of the eye. ‘Cn the contrary, after its 
application, the pains cease instantly, while the other symptoms of irritation 
abate. In private practice, when one has no other means to resort to, the head 
of a probe or of a knitting-needle, heated red-hot, may be employed for cau- 
terization. The chief thing is to make the cauterization extensive enough, 
Perforation of the thinned floor of the ulcer can, with care, be easily avoided; 
should it occur, however, it has no bad results beyond what the perforation 
itself gives rise to, since the het point is cooled at once by the outpouring 
aqueous humor. An opacity remains permanently at the cauterized spot; but 
since we only cauterize such places as would otherwise go on to purulent dis- 
integration, the final opacity is not greater than it would have been in any case. 

Among antiseptics, odeform dusted in the form of a fine powder on the 
diseased spot is of most service; from other antiseptic remedies I have seen 
no special results accrue. I must say the same of eserine, which is employed 
by many im the place of atropine in purulent ulcers of the cornea, and also in 
abscesses of the cornea; so far from doing good, it seems to render the con- 
dition of irritation of the iris still greater, and leads to the formation of numer- 
ous posterior synechix. It is more indicated in those cases in which there 
exists near the margin of the cornea a small perforation, to the posterior aper- 
ture of which the iris has become applied after the escape of the aqueous humor. 
Here we may hope to produce, by means of eserine, so powerful a contraction 
of the sphincter iridis that the iris will be drawn away from the aperture, and 
thus the formation of an anterior synechia be prevented. On the other hand, 
if the site of perforation should be nearer the center of the cornea, so that the 
pupillary portion of the iris is applied to it, we must employ atropine in order 
to draw the iris from the opening. If, however, the iris has already fallen 
through the opening in the cornea, so that a real prolapse exists, neither 
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atropine nor eserine, as a rule, is able to release the iris from the wound and 
return it to the anterior chamber; in this case excision of the prolepse, after 
the method of Leber, is the only remedy. For clearing up corneal opacities, 
Adler has recommended electrolysis. The electrodes in the shape of two small 
metallic buttons are placed upon the clouded portion of the cornea, and a weak 
constant current is made to pass through them. This procedure, which even 
under cocaine is pretty painful, is probably chiefly applicable to quite superficial 
opacities. 


2. Abscess of the Cornea. 


37. The essential character of an abscess of the cornea consists in 
the fact that the purulent infiltrate is situated in the deep layers of the 
cornea (Fig. 28), so that by its disintegration a pus-cavity is formed, 
which is limited both in front and behind by still Intact lamelle of the 
cornea (a, Fig. 36). In this respect an ab- 
scess is distinguished from an ulcer, in which 
the collection of pus lies open anteriorly. 
Symptoms.—A recent abscess presents it- 
self under the form of a grayish-white or yel- 
lowish disk, which occupies nearly or quite 
the center of the cornea. ‘The opacity of the 
disk is greater at its edges than in the center ; 
and generally the edges themselves show a 
particularly well-marked gray or yellow opac- 
ity in one special direction. The disk is sur- 
rounded by a delicate gray area, and fre- 
quently fine, radiating, gray strie extend from 
the margin of the disk into the transparent 
part of the cornea. The surface of the cor- 
nea over the disk is dotted, and often at the 
beginning is raised some distance above the 
Be en ae level of the surrounding parts. Soon, how- 
TATION or AN Apscess or ever, this spot is seen to be depressed, al- 
THE CORNEA. 5 

Over the abscess, a, thesurface though not after the manner of a loss of sub- 
The woe eeeaxcr it, stance as in the case of an ulcer, but simply 
Tornea is covered by a thin in the sense of being sunken in or flattened 
alsocoversithe anterior sur- ont (¢, Fig. 36). The rest of the cornea, too, 


face of the iris, d, and the ’ 5 ¥ 

anterior capsiule of the lens, that 1s not occupied by the abscess is less 

e, and, becoming more con- nt 3 3 

siderable below, forms there — lustrous, and is occupied by a delicate uni- 

the hypopyon, ec. ; - ‘ ene 5 

form cloudiness which originates from a layer 

of exudate on the posterior surface of the cornea (d, Fig. 36). These 
changes in the cornea are always associated with a violent iritis. The 
aqueous humor is turbid, a hypopyon (ce, Fig. 36) hes at the bottom of 
the anterior chamber, the iris is discolored and is fastened by posterior 
synechiw to the lens-capsule. Corresponding to the severity of the 
inflammation are the violent symptoms of irritation: slight edema of 
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the lids, intense injection of the conjunctival and ciliary vessels, photo- 
phobia, and pain, which latter often reach a very considerable height. 
Nevertheless there are cases also of torpid abscesses, which are associ- 
ated with very slight symptoms of irritation. 

The subsequent course is characterized by the enlargement of the 
abscess and by its transformation into an ulcer. The enlargement 
takes place chiefly in that direction, in which the margin is marked 
by a specially dense opacity—an opacity which not infrequently looks 
like a yellow crescent placed upon the abscess. As soon as the abscess 
has expanded to a certain extent, the corneal lamelle that limit it 
anteriorly break down; the abscess opens externally. An extensive 
loss of substance now exists, upon the floor of which the collection 
of pus lies exposed ; the abscess has changed into an ulcer. Soon after 
this, generally, those lamellz of the cornea which form the posterior 
wall of the abscess are also destroyed, so that an extensive perforation 
of the cornea is produced. The contents of the anterior chamber, 
consisting of aqueous humor and pus, are evacuated, and a large pro- 
lapse of the iris forms. 

While the abscess is going through with its process of development, 
the accompanying iritis keeps on increasing in the same proportion up 
to the time of perforation of the cornea; the hypopyon, too, keeps 
growing until it fills the greater part of the anterior chamber; and the 
pupil is closed by an exudation membrane. 

After the perforation of the cornea has taken place, the irritative 
symptoms generally abate and the abscess itself may now come to a 
standstill. In other cases, however, the purulent disintegration of the 
cornea keeps on just the same, so that the latter, with the exception of 
a narrow marginal rim, is entirely destroyed. Panophthalmitis may 
even result from the suppuration passing over into the deep parts. 

An abscess always leaves a very dense corneal cicatrix which can 
not be cleared up, and in which the iris is almost always incarcer- 
ated. Furthermore, in consequence of the iritis, there are usually left 
adhesions of the iris with the capsule (posterior synechiz), and even a 
closure of the pupil by a membrane (occlusio pupilla). The corneal 
cicatrix itself is in favorable cases flat, in unfavorable cases ectatic, so 
that the abscess ends by forming a staphyloma. If panophthalmitis 
has followed upon the abscess, a shriveling up of the eye (phtbisis 
bulbi) takes place. 

The clinical picture which is characteristic of abscess and by which 
the diagnosis is made is only present in the beginning of the disease. 
Its important features are the disk-like form and central situation of 
the opacity, the more pronounced opacity of the margin im comparison 
with the center, the nature of the corneal surface which, at the site of 
the abscess, shows no loss of substance but only a depression, and finally 
the early and marked implication of the wris. 
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The prognosis of abscess is always serious, as, on account of the ma- 
lignancy of its course, it belongs to the most dangerous of the diseases 
of the eye, and, if not checked early, it generally ends in the produc- 
tion of blindness through an incurable opacity of the cornea. And 
even in the favorable cases, which either spontaneously or with the 
help of art come to a stop early, a dense, centrally situated opacity re- 
mains, so that usually the sight can only be restored by the perform- 
ance of an operation (iridectomy). 

38. Etiology,—An abscess originates in infection of the cornea by 
organisms which set up in it a purulent inflammation. ‘The infection 
may take place in two different ways: it either comes from without, or 
it arises from within the body itself, in the blood of which substances 
that excite inflammation are circulating (metastatic abscesses). 

1. Infection originating from without (ectogenows infection) pre- 
supposes two conditions: first, a lesion of the corneal epithelium, which 
in the normal state protects the cornea against the entrance of micro- 
organisms; and, second, the presence of pyogenic organisms which find 
their way to the spot where the epithelium is wanting. Both of these 
conditions occur in many cases of injury of the cornea. The body 
which inflicts the injury may itself be the carrier of infection and in- 
oculate the cornea with germs. Much more frequently the injury, by 
producing a loss of substance in the epithelial covering, simply affords 
the opportunity for the entrance of infection; the infecting germs 
being furnished by the secretion contained in the conjunctival sac. 
The injuries which in this manner lead to the formation of an abscess 
are, as a rule, very slight, consisting in a simple scaling off of the epi- 
thelium. Among such injuries, for example, is the scratching of the 
cornea with the finger-nail, a thing which children very often do to 
their mothers who are carrying them in their arms. <A rough cloth, 
a leaf, or a branch grazing the cornea, and small foreign bodies, espe- 
cially minute fragments of stone, which fly into the eye, likewise pro- 
duce superficial injuries. According to some, those injuries of the 
cornea which are associated with contusion of the latter are especially 
disposed to the formation of an abscess. Even in those cases in which 
a typical abscess of the cornea has apparently originated spontaneously, 
it is probable that there has been an antecedent injury, since such 
slight injuries of the cornea as these are readily overlooked by the 
patients. Severe perforating injuries, and in a similar way operation 
wounds, may also in exceptional cases give rise to the formation of an 
abscess. Associated with the injury, as a second factor in the produc- 
tion of abscess, is the presence of a chronic lesion of the conjunctiva 
(catarrh or trachoma), or a blennorrhoea of the lachrymal sac (present 
in about one third of the cases of abscess), by which the infecting 
secretion is furnished. 


The traumatic abscess attacks adults exclusively, and especially 
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those belonging to the working-class. These are more frequently ex- 
posed to injuries of all kinds, and, besides, more often suffer from 
neglected affections of the conjunctiva and lachrymal sac than the 
members of the well-to-do classes. Great heat favors the formation of 
abscesses, which are hence much more frequent in the hot season than 
in winter. For this reason reapers are not infrequently affected with 
abscesses, since in cutting the grain they scratch their eyes with its 
awns, and, besides, they do their work during the hottest days of the 
year. 

In abscesses resulting from acute blennorrhoea and from diphtheria 
of the conjunctiva, there is likewise without doubt a penetration of 
phlogogenic germs into the cornea from the conjunctiva. 

2. Infection by way of metastasis—i. e., by germs which are circu- 
lating in the blood (endogenous infection)—forms the basis of those 
abscesses which occur in acute infectious diseases, such as small-pox, 
scarlet fever, measles, typhus, etc. The form of abscess that results 
from varisla is most frequently observed. In this case it makes its 
appearance not at the height of the disease but in the stage of desic- 
cation, and, in fact, sometimes even in patients who have already left 
their beds. Hence it follows that it is not to be regarded as a small- 
pox pustule that is localized upon the cornea. Metastatic abscesses are 
found in children as well as in adults, and not infrequently affect both 
eyes so that total blindness can be produced by them. 

Treatment.—In consideration of the rapid progress which an ab- 
scess usually makes, and which threatens the entire cornea with de- 
struction, a particularly prompt and energetic interference is required. 
The treatment is partly medicinal, partly operative. 

The medicinal treatment is the same as in purulent ulcers of the 
cornea—namely, the application of a bandage, atropine, iodoform, and 
moist and warm compresses. At the same time, any lesion of the con- 
junctiva or lachrymal sac that may happen to be present is to be suit- 
ably treated. This treatment is only adapted to the case of small re- 
cent abscesses without an excessively large hypopyon. It should be 
undertaken only under the condition that the abscess is closely watched, 
so that, in case ‘the latter progresses in spite of it, we may immediately 
proceed to operative treatment. 

Operative treatment must be initiated without delay in all severe 
cases of abscess, but is also required in the lighter cases when they re- 
sist the mild treatment. It consists either in the cauterization of the 
abscess by means of the actual cautery, or in its incision according to 
the method of Saemisch. Canterization is performed in the same way 
as in the case of progressive ulcers of the cornea; special attention 
must be paid to the destruction of the progressive portion of the mar- 
gin. Cauterization has the advantage over incision of not causing a 
perforation of the cornea, and hence of not giving rise to inclusion 
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of the iris. It is only suitable, however, for those abscesses that have 
not yet undergone perforation, and in which the hypopyon is not ex- 
cessively large: for the latter is not removed from the eye by this 
method; it can disappear from the anterior chamber only by resorp- 
tion. Incision of the abscess (puncture by Saemisch’s method, see 
the section on operations, § 155) is effective in that it opens the pus- 
cavity freely, diminishes the tension upon the lamelle of the cor- 
nea, and evacuates the hypopyon; it, however, entails the disadvantage 
of a frequently extensive inclusion of the iris. Incision is suitable 
for very extensive abscesses, for those in which perforation is immi- 
nent, and for those which are associated with a large hypopyon. We 
should not let the matter rest with a single performance of the in- 
cision, but must every day separate anew with a blunt instrument the 
edges of the wound, as they speedily reunite, and we must keep this 
up until the abscess begins to grow clean. At the same time that this 
operative procedure is being performed, the medicinal treatment above 
mentioned must be continued. Perforation and prolapse of the iris, 
when once they have occurred, must be treated in the same way as has 
been given for perforating ulcers (page 148). 


According to our present views, purulent inflammations everywhere are, 
with rare exceptions, to be referred to the presence of Schizomycetes, and 
especially to the Staphylococci, discovered by Ogston and more accurately de- 
scribed by Rosenbach. In the special case of purulent inflammations of the 
cornea, the presence of fungi has for a long time been a matter of demonstra- 
tion, and here too, in the great majority of cases, we have to do with the ordi- 
nary pus fungi, in rare cases with fungi of another sort. Thus Leber has found 
the Aspergillus glaucus in the cornea in a case in which the injury had been 
produced by a beard of oats; similarly, in a case of injury by a pear, an unde- 
termined species of Hyphomycetes was discovered by Berliner in the inflamed 
cornea. In both cases the fungus had, without doubt, been introduced into 
the cornea through inoculation by means of the foreign body which caused the 
injury. Experiments also for the production of inoculation designedly were 
made early. Eberth was the first to show that, by making inoculations with 
fungi in the cornea, fungus colonies developed, which may make their way be- 
tween the lamelle of the cornea, so that a cloudiness in the form of a rosette is 
produced surrounding the site of inoculation. Such cultures were successful 
when made with septic substances of all kinds, and also with pure cultures of 
fungi; and, in fact, not only the ordinary fungi of pus, but also culttres of the 
higher fungi, like Aspergillus glaucus and Leptothrix buccalis, are adapted for 
this purpose. By inoculations of this sort we usually get severe purulent in- 
flammations, which spread rapidly, and result in purulent iritis or even panoph- 
thalmitis, probably on account of the migration of the fungi to the deep por- 
tions of the eye. 

The micro-organisms, whose presence in the suppurating cornea has been 
demonstrated, are also without doubt the real exciting cause of the suppura- 
tion. Traumatism alone, without infection, does not give rise to suppuration. 
We may cut, scrape, crush, or, in short, injure in any way, or even cauterize 
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the cornea of an animal without getting any purulent inflammation of it; in 
every case simply a gray cloudiness develops, which generally disappears again 
quickly. But when, by repeatedly touching the conjunctiva with nitrate-of- 
silver solution, we have artificially produced a conjunctival catarrh, and in this 
way have given the opportunity for the production of infection, we then see 
purulent infiltration follow upon these same lesions of the cornea (Thilo). Wheat 
is true of the cornea of animals is also true of that of man. Provided we avoid 
infection by cleanliness and antiseptic measures, we can with impunity subject 
the cornea to operations both light and severe; even contusions of the cornea, 
such as, for example, are often enough produced in the expression of a cataract, 
do not always by any means lead to suppuration. But if we undertake the 
same operation in the presence of a conjunctival catarrh or a suppuration of 
the lachrymal sac, we risk the loss of the eye from a purulent infection of the 
wound. 

Ulceration and abscess of the cornea are hence varieties of suppuration 
caused by infection, with this difference between the two, that in an ulcer the 
suppuration is superficial from the beginning; in an abscess, on the other hand, 
it begins in the depth of the tissues. Upon this distinction, in part at all 
events, the difference in course is based. Since in the case of ulcers the infil- 
trated superficial lamelle of the cornea soon break down, the focus of suppura- 
tion lies bare, and thus presents favorable conditions for healing. In the case 
of an abscess, the focus of suppuration is shut in, behind and in front, by strong 
layers of solid corneal tissue, which for quite a Jong time offer resistance to the 
destructive action. The pus that is formed can not therefore escape, but re- 
mains under a high pressure, which impels it still farther between the lamelle 
of the cornea and thus favors the extension of the: suppuration. There are, 
nevertheless, ulcers of the cornea which are closely related to abscesses. These 
are the traumatic ulcers, mentioned on page 151, which, like abscesses, are dis- 
tinguished by their color—which is yellow like pus—by their strongly infil- 
trated margin, and by the early implication of the iris. Like abscesses, they 
develop in consequence of slight superficial injuries, and the course they run 
resembles in its severity that of an abscess. There is no doubt that, in their 
essential nature, these ulcers are identical with abscesses; they are, as it were, 
abscesses so superficially situated that in an exceedingly short time they are 
converted into ulcers by the breaking down of the superficial lamellw of the 
cornea, They are hence comprised by many authors ander the same head as 
abscesses, Saemisch calls them wleus serpens, on account of the peculiar prop- 
erty of spreading in one special direction; Stellwag designates them as wleus 
septicum, on account of their development by way of infection; Roser has de- 
scribed them as hypopyon-keratitis, because they are regularly accompanied by 
iritis with hypopyon. The malignant forms of corneal suppuration thus desig- 
nated differ so very much, both in respect to their appearance and their course, 
from the various kinds of ordinary corneal ulcers, that we must assume a particu- 
lar kind of infection forthem, Either we have to do with a particularly virulent 
kind of pus-cocci, or the microbes find more favorable conditions for their 
multiplication than in the case of the ordinary varieties of purulent keratitis. 

One must not conceive of the corneal abscess as a sharply circumscribed 
cavity filled with fluid pus ; the focus of suppuration, on the contrary, is trav- 
ersed by numerous fibers and lamella, the remains of the corneal tissue, so that 
it presents a kind of reticulum, in the spaces of which small quantities of a 
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pretty consistent pus are found. That the quantity of the pus, especially in the 
central portion of the abscess, is very scanty, can be inferred from the fact that 
the surface of the cornea over the abscess is sunken in. The pus in the anterior 
chamber also is generally not fluid, but of tough consistence, so that, after the 
incision of the abscess, it can be drawn out of the eye with the forceps in the 
form of a viscid mass. 

We sometimes see small abscesses which are almost perfectly transparent 
throughout their greater part, while it is only the edge marking the direction 
in which the abscess is progressing that shows a marked gray or yellowish opac- 
ity. In such a case one might, at first sight, suppose that he were looking at 
a yellow crescent in an otherwise healthy cornea; it is only in making a more 
precise examination that one recognizes, adjoining the crescent, a rounded de- 
pression of the surface and a corresponding faint opacity. Those abscesses also 
which are associated with a very large hypopyon are very hard to recognize 
aright, because the abscess does not show off well upon the yellow background 
of the hypopyon. In such a case it is often only after puncture of the cornea 
and evacuation of the hypopyon that it is possible to determine exactly the 
limits of the abscess. For the connection between abscess and hypopyon, see 
page 136. 

Abscesses sometimes occur in both cornez simultaneously, especially in 
small-pox; but two abscesses have never been observed at the same time in the 
same cornea. In rare instances it has been observed that in a cornea bearing 
a cicatrix which had originated in an abscess, a second abscess subsequently 
developed in the portion that still remained transparent. 

Exceptionally it happens that an abscess is not converted into an ulcer by 
the breaking down of its anterior wall, but that resorption of the pus takes 
place. Nevertheless, even in this case a dense opacity of the cornea remains, 
which, if the abscess was of great extent, may be associated with vasculariza- 
tion and flattening in the cornea. Such cases are known as abscessus siccus. 

The treatment of corneal abscess had in general but little success to chroni- 
cle until Saemisch substituted the operation of incision of the abscess for that 
of paracentesis, of iridectomy, ete., previously in vogue. In performing the 
operation, we must take care not to injure the lens and not to let the escape of 
aqueous take place too suddenly. The hypopyon is either evacuated spontane- 
ously, especially if the patient makes pressure with his lids, or it can be grasped 
by means of a forceps introduced into the wound, and drawn out. In conse- 
quence of the diminution of pressure after the escape of the contents of the 
anterior chamber, hemorrhages often take place from the iris, which, already 
hyperemic before the operation, now becomes still more distended with blood. 
This is probably the cause of the violent pain which regularly follows upon the 
evacuation of the contents of the anterior chamber, although the incision itself 
is but little felt. After incising the abscess we always get an attachment of the 
iris to the cornea during healing, which, however, would not have failed to 
occur, even apart from the operation, in those cases in which incision is indi- 
cated at all. 

Prophylazis against the formation of abscesses is possible in the sense of our 
being able to remove in season the source of infection, as, for instance, the 
secretion from a lachrymal sac affected with blennorrheea: If, in such a case, a 
small erosion of the cornea exists, this is to be treated with special care by the 
application of disinfectant remedies. Even in cases of metastatic abscesses of 
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the cornea, prophylaxis undertaken in season would often prevent the infliction 
of great injury. During an eruption of small-pox the lids are much swollen, 
and hence are not opened by the patient, and even the physician generally 
neglects to look at the eye from time to time. In that case, when the swelling 
of “the lids goes down during the stage of desiccation and the patient opens his 
eyes again, the morbid process in the cornea is often already in progress, and 
we are just so much behindhand in undertaking the treatment. Horner, 
therefore, is right in demanding that a physician treating a small-pox patient 
should prevent the agglutination of the lids by ple a pledget smeared 
with ointment, cnenia! examine the eyes every day, and should cleanse the con- 
junctival sac with antiseptic solutions. Careful watching will enable us to 
recognize the very commencement of the corneal disease, which in these early 
stages, presents the most favorable conditions for treatment. At the time when 
small-pox was very wide-spread it formed one of the most frequent causes of 
blindness, so that about one third of all cases of blindness were produced by it. 
Since small-pox, owing to the introduction of vaccination, has become less 
prevalent, the blindness due to it has correspondingly diminished. Thus, in 
France, before the introduction of vaccination, thirty-five per cent—and after 
its introduction seven per cent—of all the blind lost their eyesight by reason of 
small-pox (Carron du Villards). In Prussia, before the introduction of com- 
pulsory vaccination, thirty-five per cent—after its introduction two per cent— 
of all the blind people in the country were rendered so by small-pox. 


3. Neratitis e Layophthalmo. 


39. Keratitis e lagophthalmo originates from a desiccation of the 
cornea in consequence of its being insufficiently covered by the lids. 
The conjunctiva of the eyeball, wherever it les constantly exposed to 
the air in the open palpebral fissure, appears reddened, and generally 
somewhat swollen as well. It secretes a small amount of discharge 
drying upon the conjunctiva in crusts, which not infrequently also 
cover the exposed portion of the cornea. After removing the crusts 
we find the lowermost part of the cornea (for it is this part which is 
exposed in the palpebral fissure) dry on the surface, dull, slightly de- 
pressed, and at the same time clouded and gray. In the subsequent 
course of the disease the cloudiness becomes more and more intense, 
until finally disintegration of the superficial layers of the cornea 
takes place, with the consequent formation of an ulcer. This latter 
extends below as far as the margin of the cornea, while above it reaches 
a greater or less distance, according to the extent to which the cornea 
is er ouaiods and ends ina horizontal border. At the same time there 
exists iritis with hypopyon. The ulcer may heal without perforation, 
but leaving an opacity behind it, or it may perforate the cornea and 
thus lead to prolapse of the iris, or even to panophthalmitis. 

The cause of keratitis e lagophthalmo is the desiccation of the cor- 
nea in consequence of the defective closure of the lids (lagophthalmus). 
This latter arises either from mechanical obstacles, such as contraction 
of the lids, marked protrusion of the eyeball, etc., or from paralysis of 
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the orbicularis palpebrarum. In high degrees of lagophthalmus the 
cornea is uncovered all the time; in lighter cases, on the contrary, in 
which the closure of the lids is not impossible but only impeded, the 
danger of desiccation taking place is particularly present during sleep. 
In daytime, owing to the feeling of dryness of the cornea, the act of 
winking is pretty frequently excited through reflex action, and thus 
the cornea is repeatedly moistened. But in sleep the reflex winking 
of the lids is absent, and hence the cornea is unmoistened by this 
means and becomes dry wherever it lies exposed in the open palpebral 
fissure. The desiccation in this case always affects the lowermost part 
of the cornea, because in sleep the eyeball is turned upward, and hence 
the lower part of the cornea lies in the palpebral fissure. (An excep- 
tion is made by those cases in which the eyeball has lost its freedom of 
movement—e. g., as a result of an exophthalmus, in which case other 
portions, and particularly the central portions, of the cornea may be ex- 
posed to desiccation by being within the palpebral fissure.) The cor- 
neal lamellz, as fast as they become desiccated, die and are cast off by 
a process of suppuration. Quite the same results ensue if the lids, on 
account of a clouding of the consciousness, are incompletely closed, as 
is the case in persons who, in severe diseases, lie unconscious for a long 
time. If such patients escape with their lives, they may have opaci- 
ties of the cornea in both eyes in consequence of keratitis e lagoph- 
thalmo, or they may lose their eyes altogether. 

The treatment consists in taking care that the cornea shall be cov- 
ered by the lids. In this way the development of a keratitis is pre- 
vented through prophylaxis, or, if it already exists, the chief condition 
is afforded for its cure. We must accordingly initiate the proper treat- 
ment for the cure of the lagophthalmus (see § 113), and in the mean 
time, until a cure has been accomplished, take pains to effect a perfect 
closure of the lids by means of a properly applied bandage. In order 
to do this, it is generally necessary to fasten the lids themselves 
together by strips of sticking-plaster before the bandage is applied 
over the eye. 

In slight cases of lagophthalmus it is sufficient to keep the eye 
bandaged through the night only. But if the lagophthalmus is con- 
siderable, or if keratitis has already set in, the eye must be kept band- 
aged all the time. If the treatment is initiated early, the prognosis is 
good, inasmuch as the process comes to a standstill as soon as the 
desiccation of the cornea is arrested. 


4. Keratomalacia. 


40. Symptoms and Course.—Keratomalacia* occurs only in child- 
hood. The disease begins with night-blindness (hemeralopia). This 


* Softening of the cornea, from [«épas, horn, and] wadakéds, soft. 
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consists in the patient’s visual power being perfectly good in bright 
daylight, but so very greatly reduced when the illumination is dimin- 
ished (e. g., in twilight) that they are often no longer in a state to go 
about alone. In very small children who do not go about alone yet, this 
symptom naturally can not’be made out. In such children, the first 
thing that strikes us is the dryness of the conjunctiva, which next de- 
velops, and which appears under the form of triangular xerotic spots 
on both sides of the cornea (see page 112). The conjunctiva in these 
spots is covered with a fine white substance like foam, and seems as if 
smeared with grease in such a way that the lachrymal fluid can not 
moisten it. The dryness extends rapidly over the rest of the conjunc- 
tiva and also over the cornea. The latter becomes dull, insensitive, 
and uniformly cloudy. Soon the cloudiness in the center of the cor- 
nea increases, a gray infiltrate forming there. This spreads rapidly, 
takes on the yellow color of pus, and terminates in the disintegration of 
the cornea—a disintegration which, in bad cases, may take place within 
afew hours. In the beginning the affected eye is not discolored; after- 
ward, when the cornea is already greatly involved, there appears about 
the latter a dusky venous injection. The lachrymal secretion is not 
increased, but rather diminished; moreover, other symptoms of irrita- 
tion, like photophobia and blepharospasm, are slight or are wanting 
altogether. The striking contrast between the severity of the corneal 
affection and the insignificance of the accompanying symptoms of irri- 
tation, together with the dryness of the eye, stamps the disease with 
quite a peculiar character. This affection usually attacks both eyes. 
Children suffering from keratomalacia show a disturbance of the 
general condition, which is generally pronounced even before the out- 
break of the eye-trouble, and which afterward grows still greater. The 
children become strikingly apathetic, have diarrhoea alternating with 
constipation, sink rapidly, and ultimately many of them die either 
from exhaustion or from a complicating bronchitis or pneumonia. 
The prognosis in very small children is bad, as in most cases they 
lose not only their eyes, but their life as well. In somewhat older chil- 
dren the disease runs a less severe course, so that they escape with their 
life and get off with smaller or larger cicatrices of the cornea; indeed, 
the cornea itself may subsequently clear up once more (Gouvea). 
Etiology.—Keratomalacia is the result of an insufficient nourish- 
ment of the cornea, which evidently is only one of the symptoms of a 
severe general disease. The real nature of the latter is indeed at pres- 
ent unknown to us, although there are various facts that do not permit 
us to doubt its existence. Thus the hemeralopia is nothing but the 
expression of the depressed nutrition of the retina. The latter stall 
performs its functions well when it is acted upon by powerful impres- 
sions, such as images made by a strong light. But as soon as the 
brightness of the images falls below a certain limit, the images of the 


164 DISEASES OF THE EYE. 


object are no longer able to excite the retinal elements, the energy of 
which has been depressed (torpor retin). This condition may be 
set down to the general apathy of these patients. Another thing that 
points to a severe general disorder is the rapid decline of strength, 
which often develops in an altogether inexplicable fashion even in 
those cases in which the children at the beginning of the disease were 
apparently healthy. 

Keratomalacia develops, as a rule, in consequence of enfeebling in- 
fluences affecting the children, and acting detrimentally upon their 
nutrition. Among these influences belong insufficient or unsuitable 
nourishment (rearing of children by hand), severe diseases like scarlet 
fever, measles, typhus, etc., and particularly hereditary syphilis. The 
disease occurs in Russia much more frequently than with us, as there 
it attacks infants during and after the time of the great fast, because 
during this period the mothers lose their milk in consequence of fast- 
ing. Fora similar reason it is frequently observed in Brazil among 
the badly nourished children of the negro slaves. 

Keratomalacia does not occur in adults, although a similar affec- 
tion does. This latter is constituted by hemeralopia with simultaneous 
xerosis of the conjunctiva, without, however, there being any implica- 
tion of the cornea, and without the existence of marked disturbances 
of the general condition (see page 112). Whether this disease, the de- 
velopment of which likewise is favored by poor nourishment, is identi- 
cal with the one above described, and represents, as it were, a very 
mild form of it, or not, has not as yet been decided. 

The chief task that ¢reatment has to accomplish is to support the 
child’s strength by means of fitting nourishment. In addition we 
must try to stimulate the vitality of the tissue of the cornea, a thing 
best performed by means of moist and warm compresses placed upon 
the eyes. If the apathetic little patients do not close their lids prop- 
erly, the corner must be protected from desiccation by bandaging the 
eye. 


5. Keratitis Newroparalytica. 


41. Symptoms.—The cornea becomes dull and slightly cloudy. 
Then the epithelium begins to be thrown off, first at the center, then 
more and more in the direction of the periphery, until at length the 
entire cornea, with the exception of a marginal rim two to three milli- 
metres broad, is bared of its epithelium. This gives the cornea quite 
a peculiar appearance, such as is found in no other disease of it. In 
the mean time the cloudiness of the cornea also has increased. This is 
most marked in the center, and there is uniformly gray; toward the 
margin it gradually decreases, and may be resolved by the magnifying- 
glass into separate gray macule. Subsequently the hue of the cloudi- 
ness becomes yellowish, hypopyon sets in, and ultimately the cornea in 
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its center breaks down into pus. Thus a large ulcer forms, which cica- 
trizes with inclusion of the iris, and generally with flattening of the 
entire cornea. Not all cases, however, run so severe a course; the 
keratitis may get well without the occurrence of any purulent disinte- 
gration of the cornea, although there always remain an opacity of con- 
siderable dimensions, and often, besides, a flattening of the cornea. 

The course of the disease is slow, and is characterized by the slight- 
ness of the associated symptoms of irritation. There is, indeed, marked 
ciliary injection but no lachrymation, since the secretion of the lachry- 
mal gland, being produced by reflex action, is diminished or abrogated. 
If the patients weep, the eye of the diseased side remains dry. Pain, 
evidently, is absent altogether on account of the simultaneous presence 
of paralysis of the trigeminus. 

The prognosis is unfavorable, treatment having very little influence 
on the course of the disease, which, whether the formation of ulcers 
does or does not take place, leads, almost without exception, to the 
production of a dense opacity over the entire cornea, and hence to an 
almost complete annihilation of the visual power. 

Keratitis neuroparalytica has its cause in a paralysis of the trigem- 
inal nerve, which induces trophic disturbances in the cornea. The 
paralysis of the trigeminus also causes the simultaneous arrest of secre- 
tion of the lachrymal gland as well as the absence of pain. Itisa 
matter of indifference whether the lesion which causes the paralysis of 
the trigeminus affects the trunk of the nerve or its nucleus of origin in 
the brain. 

The treatment consists in the application of a bandage, warm com- 
presses, and atropine. Besides, we may try electricity, or, following 
Nieden’s recommendation, strychnine (three to five milligrammes by 
hypodermic injection beneath the skin of the temple). 


The three affections of the cornea just described—keratitis e lagophthalmo, 
keratitis neuroparalytica, and keratomalacia—have been frequently confounded 
with each other. Thus the keratitis e lagophthalmo, which makes its appear- 
ance in patients during the death-agony, has been regarded as a keratitis neu- 
roparalytica, its cause being attributed to the depressed state of the nervous 
influence. Conversely, some have explained keratitis neuroparalytica and 
‘keratomalacia as produced by desiccation of the cornea, and in this way have 
placed them in the same category with keratitis e lagophthalmo. Many authors 
deny absolutely the existence of keratitis neuroparalytica as an independent 
affection. Hence this latter should be the first to receive careful consideration. 

The theory of keratitis neuroparalytica was founded by Magendie, who 
found that after section of the trigeminus in animals a keratitis made its ap- 
pearance. He referred this to trophic disturbances. Snellen and Leuftleben 
showed that the development of keratitis could be prevented by sewing to the 
eye a metallic capsule (the lid of a pipe). They hence concluded that the 
keratitis did not depend upon trophic disturbances, but was to be referred to 
traumatism; for, as the animal has become destitute of sensation on the side 
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operated upon, he strikes his eye against everything or rubs it against objects 
—e. g., against the walls of the cage in which he is confined. But inasmuch 
as simple mechanical injuries produce only attacks of cloudiness in the cornea, 
which rapidly pass off and never produce attacks of purulent keratitis like 
keratitis neuroparalytica, the further assumption had to be made that the cor- 
nea, in consequence of the trigeminai paralysis, has a diminished power of 
resistance against external injuries. Then Feuer, by experiment, proved the 
incorrectness of this explanation. After section of the trigeminus, the cornea 
can be injured in any way whatever beneath the metallic capsule sewed on in 
front of it, without anything but transient cloudiness of the cornea being pro- 
duced. Hence, after section of the trigeminus, the cornea reacts toward ex 
ternal injuries just as it did before, and the cause of the efficacy of the metallic 
capsule must be sought for in something besides the prevention of traumatism. 
Feuer thought that he had found it in the fact that the metal capsule prevents 
the desiccation of the cornea. For in trigeminal paralysis the act of winking 
produced by reflex action is abolished; consequently the cornea becomes dry 
in its central, most exposed portion, and a delimiting suppuration develops 
about this dried and necrosed area. This sort of keratitis, which Feuer desig- 
nated with the name of keratitis xerotica, is the alleged keratitis neuropara- 
lytica. He was able to excite just the same sort of inflammation by producing 
lagophthalmus artificially in animals with an intact trigeminus. For this pur- 
pose he sewed the two lids and the nictitating membrane so far back that they 
could no longer cover the cornea. Hence the efficacy of the metal capsule, 
after section of the trigeminus, consisted, according to him, only in the fact 
that it prevents the desiccation of the cornea; for, as the animals strike the 
capsule against the walls of the cage, they push the lids, to which it is fastened 
by sutures, in different directions over the cornea [and so moisten the eye]. 
Hence, too, Feuer was able to obtain the same effect with an open ring of cork, 
which he sewed in front of the eyes. Then Feuer applied his results to man, 
and demonstrated that the keratitis which is seen to develop in soporose pa- 
tients is clinically and anatomically identical with that which is developed in 
animals and men through imperfect covering of the cornea (keratitis e lagoph- 
thalmo). He went too far, however, in denying altogether the existence of a 
true keratitis neuroparalytica. 

There is no doubt that the keratitis which is sometimes in man observed 
in connection with trigeminal paralysis is in solitary instances caused by desic- 
cation of the cornea, and thus is a keratitis e lagophthalmo. The desiccation 
is produced by the abolition of the regular movement of the lids and by the 
deficiency of the secretion of tears. In this way, for instance, are those cases 
to be explained in which paralysis of the oculo-motor nerve, and consequently 
incomplete ptosis, exist at the same time with paralysis of the trigeminus, and 
in which the cornea, as occurs in keratitis e lagophthalmo, is affected only in its 
lowermost portions which are not covered and protected by the drooping upper 
lid. But there are cases, nevertheless, which present the characteristic picture 
of genuine keratitis neuroparalytica as above described—a picture which is 
altogether different from that of keratitis e lagophthalmo. Moreover, it is de- 
veloped in those cases of trigeminal paralysis in which the movements of the 
lids and the moistening of the cornea are perfectly normal, or in which, in 
consequence of complete ptosis, the cornea is entirely covered by the lid, and is 
thus protected from desiccation. Furthermore, since the application of a band- 
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age, which is a sure preventive of keratitis e lagophthalmo, is of no avail against 
the development of a true keratitis neuroparalytica, the latter can not depend 
upon desiccation of the cornea. Again, the frequently repeated injuries to 
which the development of keratitis neuroparalytica in animals has been referred 
can not be thought of as existing in the case of a human being who takes good 
care of his eye. Hence we can only explain keratitis neuroparalytica by the 
assumption of a trophic disturbance. The fact that it does not occur in all 
cases of trigeminal paralysis is no evidence to the contrary, for the disease may 
have affected only the sensory and not the trophic fibers of the trigeminus. 
The trophic fibers, according to the views of different authors, arise from the 
sympathetic and attach themselves to the medial aspect of the trunk of the 
trigeminus. In fact, keratitis neuroparalytica has been obtained after sections 
of the trigeminus affecting only the innermost fibers of the nerve, although, 
in consequence of the sensory fibers being intact, the cornea and the lids have 
retained all their sensitiveness. We are therefore obliged to acknowledge 
the existence of a genuine keratitis neuroparalytica, and to make a sharp dis- 
tinction between it and keratitis e lagophthalmo. 

The confounding of the three forms of keratitis—keratitis e lagophthalmo, 
keratitis neuroparalytica, and keratomalacia—with each other has been favored 
by the fact that they display various features in common. Among these are 
the dryness which the eyes exhibit, and also the insignificance of the irritative 
symptoms in comparison with the severity of the keratitis, an insignificance 
shown in the absence of increased lachrymal secretion, of blepharospasm, and 
often also of pain. And yet the dryness of the eyes in these three forms of 
keratitis is to be referred to very different causes. 

(a) In keratitis e lagophthalmo an actual desiccation of the cornea from 
evaporation exists. It affects only the exposed portion of the cornea, and may 
be relieved by closure of the lids. The desiccation in this case is the one cause 
of all the subsequent changes. 

(b) In keratomalacia the cornea is not actually dry, but only looks so, be- 
cause the lachrymal fluid does not adhere to its surface. This dry appearance 
is present even when the eye is swimming in tears or when it is kept constantly 
closed; evidently, bandaging is of no effect against this sort of dryness. It is 
caused by a fatty metamorphosis of the epithelial cells, which consequently are 
not wetted by the lachrymal fluid. Moreover, the bacilli of xerosis, discovered 
by Kuschbert and Neisser, may be found in the altered epithelium. 

(c) In keratitis neuroparalytica there is neither real desiccation of the cor- 
nea, as in keratitis e lagophthalmo, nor a peculiar fatty condition of its surface, 
as in keratomalacia; on the contrary, the eye looks dry simply because, in spite 
of the marked inflammation of the cornea, the lachrymation, which we usually 
see under these circumstances in other cases, is absent. The secretion of the 
lachrymal gland is in fact diminished or altogether abrogated ; nevertheless, the 
moistening of the eye is quite sufficient, as indeed it is after extirpation of the 
lachrymal gland. 

The absence of marked symptoms of irritation, which characterizes these three 
varieties of keratitis, is accounted for in the keratitis e lagophthalmo of very 
sick people and in keratomalacia by the general depression of strength, and in 
keratitis neuroparalytica by the insensitiveness of the eye. The irritative symp- 
toms, which in other cases are put in action through reflex impulses originat- 
ing in the sensory nerves, are absent in the case of paralysis of the trigeminus. 
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The three forms of keratitis are hence, in spite of their external similarity, 
entirely different from each other, and can be readily differentiated by the 
clinical picture which they present. Keratitis e lagophthalmo occupies, as a 
rule, the lowermost part of the cornea. Keratomalacia begins in the center of 
the cornea, and is found only in children who are the subjects of a rapid decline 
of nutrition. Finally, keratitis neuroparalytica is characterized most of all by the 
rapid exfoliation of epithelium over the whole extent of the cornea, and does 
not occur except in conjunction with a trigeminal parakysis which can be diag- 
nosticated at once. The confusion between the three varieties of keratitis 
just described is furthermore favored by their nomenclature. The designation 
keratitis xerotica, chosen by Feuer for the keratitis of desiccation (keratitis e 
lagophthalmo), would be quite a good one if it did not lead to confusion with 
simple local xerosis of the cornea on the one hand and on the other with kerato- 
malacia, in which xerosis of the conjunctiva and cornea likewise exists. And, 
as a matter of fact, some authors designate keratomalacia under the name of 
keratitis xerotica. In order to avoid this confusion, I have dropped the ex- 
pression keratitis xerotica altogether; and as I do not wish to increase the 
number of epithets still further by the invention of a new name, I use the old 
expression keratitis e lagophthalmo for the keratitis of desiccation. 


B. NON-SUPPURATIVE NERATITIS. 


(a) Superficial Forms. 


42. 1. Pannus.—Pannus consists in the new formation of a tissue 
resembling granulations directly beneath the epithelium of the cornea. 
Pannus is to be looked upon as an affection of the conjunctival layer 
of the cornea (conjunctiva cornes, see page 125), and in every case is 
simply one of the symptoms of a conjunctival disease—that is, either 
of conjunctivitis trachomatosa or conjunctivitis lymphatica. We hence 
make a distinction between pannus trachomatosus and pannus lym- 
phaticus. For further particulars, see under these two diseases of the 
conjunctiva. 

2. Keratitis with the Formation of Vesicles.—Vesicles on the cor- 
nea are generally small, and are filled with a limpid liquid. Their an- 
terior wall is very frail, for it is formed simply by the epithelium of the 
cornea, which is lifted up from Bowman’s membrane by serum. More 
rarely larger-sized blebs (bull) occur, the anterior wall of which gen- 
erally consists of a new-formed connective tissue in addition to the epi- 
thelium, and is hence more resistant. The small vesicles are ordinarily 
present in some numbers, while the large blebs generally occur singly. 
Violent symptoms of irritation, such as ciliary injection, lachrymation, 
photophobia, and more especially great pain, are usually present dur- 
ing the development of the vesicle. These, doubtless, are caused by 
the pulling upon the corneal nerves which pass into the epithelium, 
and which, in the process of formation of vesicles, are first stretched 
and finally torn in two. The irritative symptoms ordinarily disappear 
with the rupture of the vesicles. This occurs so quickly in the case of 
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small vesicles that we generally do not get a sight of these themselves 
at all, but only of the subsequent small defects in the epithelium, to 
the margins of which the epithelium that had been lifted up still ad- 
heres in loose shreds. The large blebs, on account of the greater firm- 
ness of the anterior wall, are of longer duration. They are not tightly 
distended, but form a lax, tremulous, somewhat dependent sac. After 
their rupture the lax anterior wall still lies upon the cornea, and can be 
readily made out by the way in which it can be displaced by move- 
ments of the lids. The sensitiveness of the cornea to touch is ordi- 
narily diminished or entirely abrogated in cases in which there is a 
formation of vesicles. 

There are the following varieties of keratitis with the formation of 
vesicles : 

(a) Herpes* Febrilis Corneew (Horner).—In febrile diseases, espe- 
cially of the respiratory organs (most frequently in epidemic influenza, 
next oftenest in bronchitis, pneumonia, ordinary influenza, etc.), less 
frequently in other febrile diseases, like typhus, intermittent fever, etc., 
small vesicles often make their appearance on the lips, the ale of the 
nose, the eyelids, the ears, etc. At the same time an eruption of small 
transparent vesicles, which are associated with violent symptoms of 
irritation, may occur upon the cornea. These are scarcely the size of 
a pin’s head, and are often disposed in rows or in groups. The vesi- 
cles very speedily rupture and leave small losses of substance, the floor 
of which shows a faint opacity. Generally these soon heal, so that 
after two or three weeks the disease is over, without leaving any lasting 
opacity of the cornea. In severe, and especially in neglected, cases, 
however, large corneal ulcers, which not infrequently have a branching 
form (keratitis dendritica, see page 152), may develop from the small 
losses of substance. 

There is no doubt that the vesicles upon the cornea are entirely 
analogous to those which develop upon the skin. Just as the latter are 
generally present only upon one side of the face, so also the affection 
of the eyes is usually unilateral in its development, and is, moreover, 
confined to the same side as the vesicles upon the face. With careful 
treatment the prognosis is good, as in that case the disease generally 
gets well without leaving any opacity. The treatment is purely symp- 
tomatic, being that which is indicated for corneal ulcers generally— 
that is, in the main, the employment of a protective bandage and of 
atropine. 

(8) Herpes Zoster Cornee.—This is one of the symptoms of herpes 
zoster t ophthalmicus—that is, zoster which is localized in the region 


* From €pzreiy, to creep. + Hebra’s herpes facialis. 
t = girdle-eruption, from (warp, girdle. We also speak of it as zona ophthal- 


mica, 
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of distribution of the trigeminus (see the section on diseases of the 
lids, § 107). The cornea participates in the morbid process by form- 
ing small vesicles, which generally are arranged in groups and rupture 
speedily, as in the case of herpes febrilis. The subsequent course of 
herpes zoster is distinguished from that of herpes febrilis by the con- 
tinuance of the irritative symptoms after the rupture of the vesicles, 
and by the marked opacity of the parenchyma of the cornea at the 
spots where the vesicles were situated. It takes some time for the opac- 
ities to disappear, nor is it always the case that they disappear com- 
pletely. Hence the disease runs a chronic course, and often leaves 
permanent opacities of the cornea after it. Naturally this is even more 
true of those cases in which large ulcers develop from the vesicles. 
The insensitiveness of the cornea to touch is especially pronounced in 
herpes zoster. The prognosis of this variety of herpes, from what has 
just been said, is less favorable than that of herpes febrilis ; the treat- 
ment is the same. 

(y) Keratitis Vesiculosa (et Bullosa).—This variety occurs in eyes 
the cornea of which is more or less clouded and insensitive; in eyes with 
a large corneal cicatrix, or eyes which have been rendered blind by 
irido-cyclitis, or by increase of tension. Either vesicles which are small 
and of short duration form with the accompaniment of violent inflam- 
matory symptoms upon the cornea (keratitis vesiculosa), or large tremu- 
lous bulla develop, which last for several days before they rupture (kera- 
titis bullosa). In all cases the vesicles show a great tendency to take 
on frequent recurrences, in each of which the irritative symptoms set 
in anew. 

The cause of the formation of vesicles appears to lie in the abnormal 
conditions of the lymph circulation which are without doubt present 
in such eyes. By stasis of the lymph, cedema of the cornea is produced ; 
the codematous fluid penetrates forward until it gets beneath the epi- 
thelium, and then lifts the latter up in places from Bowman’s mem- 
brane. 

The prognosis is so far unfavorable in that the disease frequently 
recurs, on which account the affected eye, besides being useless for pur- 
poses of vision, is the source of constant discomfort to the patient. 
Treatment should aim at relieving the condition of irritation produced 
by the eruption of vesicles, and at preventing the recurrences. The 
former object is attained by opening the vesicles, the smaller ones being 
pricked, and in the case of the larger ones the anterior wall being re- 
moved. In order to prevent a recurrence of the vesicles, we may touch 
the raw spots occurring upon the cornea after the opening of the vesi- 
cles with a nitrate-of-silver solution, or we may remoye the most super- 
ficial layers of the cornea in these spots. Sometimes we do not put a 
stop to the recurrences until we have improved the conditions for the 
nutrition of the eye by means of an iridectomy; we may even find our- 
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selves compelled to perform enucleation of the diseased eye in order to 
give the patients ease. 


With reference to the forms of keratitis associated with the formation of 
vesicles there has been a goad deal of confusion, partly referable to the lack of 
clearness in the nomenclature. The two forms of herpes cornes (herpes febrilis 
and herpes zoster) are distinguished from keratitis vesiculosa and bullosa by 
their attacking a cornea which previously was healthy. Stellwag uses the ex- 
pression herpes cornes in quite a different sense, designating by this term the 
efflorescences of conjunctivitis lymphatica when they develop upon the cornea. 
The expression in this sense, if we wish to employ it at all, should only be used 
with the express addition of ‘‘ herpes cornes according to Stellwag.” 

Apart from the forms above described, the formation of vesicles upon the 
cornea is further, in rare cases, observed under special conditions—e. g., as a re- 
sult of the action of various, and particularly of corrosive, substances upon the 
cornea, after burns, after a cataract operation beneath the bandage, etc. Cases 
also occur in which, without known cause, there develop upon a perfectly 
sound cornea vesicles or bulle the formation of which we are inclined to 
attribute to nervous influences, as in the case of herpes febrilis and herpes zos- 
ter. Cases of this sort are usually characterized by periodical recurrence. I 
know one old lady who for twelve years has been obliged to suffer from occa- 
sional attacks of inflammation in her eyes, which otherwise are sound, The 
attack occurs once or twice a year, and affects sometimes one eye, sometimes 
the other. It is associated with violent pain, great photophobia, and profuse 
lachrymation. In the first days of the attack the only things found are edema 
of the lids, great ciliary injection, and a cornea covered with minute elevations, 
as if it had been strewn with sand. Then a large transparent bulla develops 
upon the cornea, after the rupture of which the iaflammatory symptoms rapidly 
abate, and the epithelial defect heals without leaving a trace behind. 

In many cases of keratitis in which vesicles had formed upon the cornea it 
was observed that after the rupture of the vesicles fine filaments adhered to the 
losses of substance thus produced and hung down loose, for which reason these 
cases were called filamentous keratitis (Leber, Uthoff, Fischer). The filaments, 
when seen under the microscope, are composed of fine fibers twisted like a rope, 
and probably consist of coagulated fibrin. 

Perhaps the cases of reewrrent erosion of the cornea, which Arlt first described, 
belong under the head of keratitis with the formation of vesicles. Here a loss 
of substance of the corneal epithelium, originating in a superficial traumatism, 
heals without leaving any mark, only to form again after some time with violent 
symptoms of irritation. Some authors believe that the formation of a vesicle 
precedes the recurrence of the loss of substance, while others could not con- 
vince themselves of the existence of a vesicle. a 

A form of superficial keratitis which is related to herpes febrilis cornee, 
but is not associated with the formation of vesicles, is keratitis punctata super- 
Jicialis. It begins with the symptoms of an acute conjunctivitis, Changes 
in the cornea are observed either at the same time or not till some days or 
weeks afterward. These changes consist in the presence of minute gray spots 
which, as in the case of herpes febrilis, are often arranged in groups or in short 
rows. They are sometimes only ten to twenty in number, sometimes very 
abundant—upward of a hundred. They are either scattered irregularly over 
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the cornea, or they are chiefly massed together in the central portion; in every 
case, however, the marginal portions of the cornea are the part least covered by 
the spots. The spots lie in the most superficial layers of the cornea, which latter 
looks dull because the epithelium over the spots bulges out in the form of a nodule. 
The irritative symptoms soon disappear, but the spots, as well as the punctate 
look of the corneal surface, generally remain for months almost unchanged, and 
then very gradually disappear. If the spots are not numerous, the sight remains 
undisturbed; if, however, many spots are present, particularly in the center, 
the acuity of vision is reduced considerably. Keratitis punctata superficialis is 
found most frequently in young people, and affects sometimes one, sometimes 
both eyes. It often begins at the same time with a catarrh of the air-passages, 
just as herpes febrilis corneze does, but is distinguished from the latter mainly 
by the absence of the formation of true vesicles. Hence, too, in keratitis punc- 
tata superficialis the superficial losses of substance, which develop from the 
vesicles in herpes, are wanting, and for the same reason the formation of ulcers 
in this variety of keratitis is observed only as a rare exception. 


(b) Deep Forms of Non-suppurative Keratitis. 

43. These forms have as a common characteristic the develop- 
ment of an infiltrate in the middle and deep layers of the cornea, 
an infiltrate, however, which shows no tendency toward purulent dis- 
integration, but—generally not till after existing quite a while—disap- 
pears again by resorption. When this takes place, the cornea in favor- 
able cases clears up again completely, while in other cases opacities of 
a varying degree of intensity are left, and are sometimes even accom- 
panied by flattening of the cornea. In keeping with the deep posi- 
tion of the infiltrate in the cornea, the uveal tract, and especially the 
iris and ciliary body, are almost always implicated. 


3. Parenchymatous Keratitis.* 


Symptoms and Course.—This affection may run its course in two 
ways, according as it begins, in the center or at the margins of the 
cornea. If the disease invades the center of the cornea first, we see 
small, dim, gray macule making their appearance in this situation, 
and lying in the middle and deep layers of the cornea; the surface 
of the latter is lusterless and dull. The number of macule gradually 
increases, so that they keep extending farther and farther toward the 
margin ; but they are always massed most thickly in the center, where 
they frequently become confluent. Since even between the macule 
the cornea is not clear, but shows a fine diffuse cloudiness, the entire 
cornea may in severe cases ultimately look uniformly gray, like ground 
glass. As soon as the opacity of the cornea has advanced somewhat 
farther, vascularization begins by the penetration of vessels into the 
cornea from different spots upon the corneal circumference. We see 


* Synonyms: keratitis interstitialis, keratitis profunda, keratitis diffusa, uveitis 
anterior. 
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the vascular trunks coming out from beneath the limbus, because—as 
opposed to the vessels in pannus—they arise from the deeply situated 
vessels of the adjacent sclera. They branch in tufts, like a brush, in 
the deep layers of the cornea, and often appear quite indistinct and 
of a dirty-red or grayish-red color, because they are covered by the 
clouded superficial layers of the cornea. 

In those cases in which the disease begins at the margin of the cor- 
nea, the first thing that strikes us is that the latter has grown luster- 
less and clouded at some spot upon its margin. The cloudiness is 
deeply situated, and when regarded with the naked eye looks uniformly 
gray, but with the magnifying-glass can generally be resolved into sepa- 
rate macule or dim parallel streaks. Soon similar areas of cloudiness 
appear at other spots of the corneal margin, and then push their way 
forward concentrically from all sides toward the center of the cornea. 
Simultaneously with the appearance of the marginal opacities the cor- 
responding portions of the limbus become injected and the vessels of 
the corneal margin begin to grow out. The formation of vessels, as 
far as it originates in the network of marginal loops in the limbus, 
soon comes to an end, so that the limbus advances only a little way 
out upon the cornea, where it looks red and swollen (‘“ epaulet-like” 
swelling of the limbus). On the other hand, the deep vessels, which 
come out from beneath the limbus, grow farther and farther into the 
cornea, and follow closely upon the opacity which advances in front 
of them; it looks as if they were pushing the opacity before them. 
These vessels have, as in the case of those of the first form, the char- 
acters of deeply situated vessels, shown by their penicillate branching 
and by their dull, dead, grayish-red hue. 

When parenchymatous keratitis has attained its acme, the cornea 
is often so opaque that we scarcely recognize the iris through it. At 
the same time it loses its luster completely, so that it looks as though 
smeared with grease (with the magnifying-glass we recognize numer- 
ous minute elevations of the epithelium, which make the surface of 
the cornea rough, as if made of fine shagreen). Sight is reduced to 
the mere recognition of the movement of the hand before the eye, or 
to the bare distinction between light and darkness. ‘The process of 
recovery now begins gradually, starting from the margin, where the 
cornea first becomes transparent again, while at the same time the ves- 
sels grow constantly fewer and fewer. The center of the cornea re- 
mains opaque the longest, but finally clears up, too, until only a fine 
diffuse cloudiness remains, which causes but little impairment of sight. 
This cloudiness, together with a few very minute blood-vessels which 
are only visible with the magnifying-glass, can still be made out years 
afterward, and are certain signs of a parenchymatous keratitis that has 
once existed. 

Parenchymatous keratitis always runs a chronic course. The in- 
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flammatory symptoms keep on increasing for one or two months, until 
the disease has reached its acme. ‘Then the irritative symptoms very 
soon abate, and the process of clearing up of the cornea makes at first 
rapid progress. Afterward, however, it goes on more slowly again, and 
the center of the cornea in particular remains for a long time opaque, 
so that sight is not restored until late in the disease. It takes from 
half a year to a year, or even more, for the cornea to acquire the full 
degree of transparency which it is possible for it to assume with an in- 
flammation of the given intensity. 

All the cases do not run their course in the way described. There 
are, for example, many lighter cases, in which the changes do not go 
far, and which hence, too, are completed in a shorter time. ‘Thus the 
process may go no farther than the formation of a few macule, which 
gradually disappear again without the associated inflammatory symp- 
toms being at any time marked. If the opacity begins at the margin 
of the cornea, it often remains confined to that section of it from which 
it originally started. In that case, if it pushes its way farther from 
the margin toward the center, only a sector, and not the entire cornea, 
is rendered opaque. Conversely there are also—luckily not often— 
very severe cases in which dense opacities remain as a permanency. 
Owing to the inflammatory infiltration, softening of the cornea may 
be produced, so that the latter gives way before the intra-ocular press- 
ure and keratectasia develops; in this case also the cornea remains per- 
manently opaque, and to quite a marked degree. The worst cases are 
those in which, by subsequent shrinking of the exudate, the cornea 
becomes flattened, densely opaque, and of a tendinous appearance, in 
which case the sight is nearly or quite all lost. 

Just as great variations exist in regard to the thickness and extent 
of the infiltration, so they do also in regard to the vascularization. In 
many cases the cornea is so abundantly vascularized that it looks likea 
red cloth; in others, on the contrary, it is almost devoid of vessels, and 
is like white ground glass. Lying between these extremes are numer- 
ous cases in which vessels develop from only single spots upon the cor- 
neal margin, so that simply a sector of the cornea looks red, or so that 
only single tufts of vessels are discoverable. Hence we may distinguish 
between a vascular and a non-vascular form, according to the relations 
of the vessels. It must be remarked, however, that even in the non- 
vascular form one or two vessels can generally be made out with the 
aid of the magnifying-glass. 

When we consider how the cases vary both in respect to the opacity 
and to vascularization, we comprehend why parenchymatous keratitis 
should present a very varyifig clinical picture, and hence often offer diffi- 
culties in the way of diagnosis for the beginner. But we shall generally 
be able to make the diagnosis with certainty if we hold fast to those 
symptoms which are common to all the cases—namely, the deep situa- 
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tion of the opacity and of the vessels, the typical increase in the in- 
filtration up to a certain, usually considerable, degree, and finally the 
absence of purulent disintegration, so that the formation of ulcers 
never takes place. : 

Parenchymatous keratitis is accompanied by irritative symptoms, 
such as pain, photophobia, and lachrymation. These are sometimes 
very slight, sometimes violent; in general we may say that they are 
more pronounced, the greater the amount of vascularization with which 
the keratitis is associated. Furthermore, parenchymatous keratitis is 
almost always complicated with inflammation of the wveal tract. In 
the lightest cases there is merely hyperemia of the iris, which makes 
itself apparent by the failure, complete or nearly so, of the pupil to 
dilate under atropine. In severe cases there is iritis, which may 
lead to the formation of posterior synechie, the formation of deposits 
upon the posterior surface of the cornea, and seclusion and occlusion 
of the pupil. In particularly bad cases a plastic irido-cyclitis develops, 
which terminates in flattening of the cornea, or even in atrophy of the 
eyeball. 

Parenchymatous keratitis generally attacks both eyes, and more 
frequently both in succession than both at once. Sometimes there 
is even an interval of several years between the involvement of the two 
eyes. Recurrences of the disease take place, but are rare. 

The prognosis of the disease, from what has been said, is unfavor- 
able as regards its duration, inasmuch as it drags on for months and 
years, especially if the two eyes are successively attacked. On the 
other hand, the prognosis in regard to the ultimate outcome must be 
put down as good, because in by far the greater number of the cases a 
good, or at least serviceable, degree of sight comes back. By holding 
up this prospect of recovery the physician must keep up the courage of 
his patient, who, because of the slow progress of the disease, is very 
apt to lose all hope of a restoration of his sight. 

Etiology.—Parenchymatous keratitis is a disease of youth, appear- 
ing, as a rule, between the sixth and the twentieth year of life. It is 
only the exception that persons before or after this age (sometimes 
even after the thirtieth year) are attacked. The female sex suffers 
from it more frequently than the male. The ordinary cause of the 
disease is syphilis, and especially hereditary syphilis. To prove the 
existence of hereditary syphilis from the history of the case directly— 
i. e., by getting the father or mother to confess to syphilis—is often a 
difficult thing to do. Besides, in most cases it is not at all necessary, 
since hereditary syphilis can generally be recognized with sufficient 
certainty from a series of symptoms. In that case, we abstain from 
questioning the parents in regard to this matter, the more so since 
it would be a severe reproach to them to have to recognize in their 
own persons the cause of their children’s illness. On the other hand, 
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it is a good thing to determine by questioning whether many children 
have died in the family (the mortality of the children of syphilitic 
parents amounts, on an average, to fifty per cent), whether premature 
labors, and especially those in which the fcetus is dead or putrefied, 
have not occurred, etc. 

The symptoms of hereditary syphilis which patients with paren- 
chymatous keratitis frequently exhibit are as follows: 

1. A peculiar formation of the face and cranium. ‘The upper jaws 
are markedly flat, and the bridge of the nose low and often sunken in. 
Not infrequently there exists ozena or blennorrhcea of the lachrymal 
sac, the latter in consequence of the changes in the nose. The frontal 
eminences are very prominent. The intelligence of these patients is 
often abnormal, they being either precocious, or, on the other hand, 
backward in the mental development. 

2. The incisor teeth are abnormally shaped (Hutchinson), so that, 
instead of a straight edge, they show a semilunar indentation. This 
change exists only in the teeth of the second dentition, and then most 
frequently in the upper central incisor teeth. These are often also 
stunted in their growth as a whole, so that they are either too small or 
are altogether wanting. 

3. At the angles of the mouth we may find fine linear cicatrices as 
relics of former rhagades; so also cicatrices in the buccal and pharyn- 
geal cavities (especially on the hard and soft palate) point to the exist- 
ence of antecedent syphilitic ulcerations. 

4, Numerous enlarged lymphatic glands can be made out, especially 
upon the neck. ‘These are small, hard, painless, and with no tendency 
toward ulceration, by which characters they are distinguished from the 
lymph glands of scrofulous subjects, which are large and soft, and 
readily undergo caseation. 

5. Swellings of the periosteum (tophi), which are hard and are but 
little or not at all painful, occur on the long bones. They are most 
frequently and most easily found upon the anterior border of the tibia. 
Sometimes a serous inflammation of the knee-joint (hydrops genu) is 
present; caries is rare. 

6. We frequently find hardness of hearing, which, with the outbreak 
of the keratitis, sometimes increases to absolute deafness. 

It is important to look for all of these symptoms, for any one of 
them by itself is not to be looked upon as conclusive evidence of the 
existence of hereditary syphilis; and, on the other hand, we ought not to 
expect to find all the changes above given distinctly marked in the same 
individual at once. The more carefully we make our investigation, 
the greater is the number of these symptoms that we are able to estab- 
lish; so that we arrive at the conviction that by far the greatest number 
of cases of parenchymatous keratitis are to be referred to hereditary 
syphilis. Im very rare cases this form of keratitis is also observed in 
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acquired syphilis. A few cases may depend upon scrofula, while in 
many no cause at all that we can be sure of is discoverable to account 
for the eye disease. 

Treatment.— Local treatment during the period of progression con- 
sists In combating the inflammation by protecting the eyes from hight 
and by instilling atropine, which latter counteracts the complications 
arising from the iris. Moist warm compresses often ameliorate the 
symptoms of irritation, and accelerate somewhat the progress of the dis- 
ease. In the regressive period, the thing to do is to secure as thorough- 
going a clearing up of the cornea as possible. For this purpose the 
well-known irritant remedies—like calomel, tincture of opium, yellow- 
precipitate ointment, hot steam, etc.—are indicated (see page 150). 
These, however, should only be brought into application when, on 
making cautious tests, the eye is found to bear them well—i. e., does 
not fall once more into a profound state of irritation. It is advisable 
to keep on with these remedies, interchanging them frequently, fora 
very long time—for months or years. If ectasis of the cornea threatens, 
it is to be combated by a pressure-bandage, which, if necessary, can be 
combined with repeated paracentesis of the cornea. 

General treatment, in those cases in which hereditary syphilis is 
the cause, must be directed against the latter. Mercurial treatment, 
which is of such marked service in acquired syphilis, is here ordinarily 
less efficient. Since it is at the same time a very energetic method of 
treatment, it is advisable to apply it in the severe cases only. In adults 
we had best select the treatment by inunction, in children the internal 
administration of corrosive sublimate (giving pills of one milligramme, 
beginning with one a day, and increasing the dose to from six to ten 
pills a day, according to the age). In doing this we must be mindful 
to pay careful attention to the condition of the mouth, in order to avoid 
salivation. In the lighter cases of parenchymatous keratitis we prefer, 
in place of mercury, a simple corroborative treatment with the simul- 
taneous employment of remedies containing iodine (cod-liver oil with 
iodine, iodide of iron, and mineral waters containing iodine, the latter 
especially as a form of after-treatment). Unfortunately, we must 
say that, in general, treatment is pretty nearly powerless against this 
disease. Parenchymatous keratitis in many cases, even under the 
most careful treatment, runs a course that is not essentially different 
from what would have been the case without any treatment; not 
infrequently we see the disease while under treatment break out in 
the other eye, without our being able to prevent the opacity from 
spreading gradually over the entire cornea in this eye also. The 
chief use of treatment consists in its combating the complications 
arising from the uyea, and also in securing a more rapid and more 
perfect clearing up of the corneal opacities during the period of 
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Up to the present time it has been possible to make an anatomical examina- 
tion of an eye affected with parenchymatous keratitis in a few cases only. The 
examination shows dense infiltration of the most posterior layers of the cornea, 
so that they sometimes appear as if transformed into granulating tissue (2, Fig. 
37); moreover, in the posterior and middle layers of the section we see numer- 
ous newly formed blood-vessels (Fig. 87, g). The infiltration at the margin 


Fic. 37.—CROsSs-SECTION THROUGH A CORNEA WITH PARENCHYMATOUS KERATITIS. MAGNIFIED 
100 x 1. (AFTER A PREPARATION OF DR. NORDENSON.) 

The stroma, S, of the cornea shows an infiltration, which begins in the middle layers, and keeps 
on increasing more and more posteriorly, so that the deepest layers, 7, have assumed the 
aspect of a granulating tissue. On account of the inequality in the degree of thickening of 
these layers, Descemet’s membrane, D, is undulated ; upon its endothelium there are depos- 
ited in places small accumulations of round cells, ». In the middle and deep layers of the 
cornea we see the transverse and longitudinal sections of newly formed blood-vessels, g, g, 


while the most anterior layers, and also Bowman’s membrane, 8, and the epithelium, Z, are 
normal, 


of the cornea is continued into the ligamentum pectinatum, the iris, and the 
ciliary body. In one case (in a fourteen-year-old boy) I found this region infil- 
trated with numerous nodules which were composed of small cells and which 
had a certain resemblance to tubercles, although it was not possible for me to 
demonstrate the presence of tubercle bacilli or of other micro-organisms. 
According to the results of anatomical as well as clinical examination, there- 
fore, parenchymatous keratitis is situated in the most posterior layers of the 
cornea, which, according to the teachings of embryology, are to be classed with 
the uvea (see page 125), for which reason Stellwag calls this disease uveitis 
anterior. It should not, therefore, excite our astonishment if the uvea proper 
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is also always implicated. To be sure, the participation of the uvea in the in- 
flammation is not always by any means equally pronounced. Minute deposits, 
which are discovered in making a careful examination of the cornea with the 
magnifying-glass at the time when the opacity is resolving, are scarcely ever 
wanting. Besides these, the most frequently occurring complications are pos- 
terior synechiz and also chorioiditic foci; hypopyon, on the other hand, is ex- 
tremely rare. In many cases the part that the uvea takes is so slight as not to 
be clinically demonstrable; in other cases, on the contrary, it is so very promi- 
nent, as compared with the process in the cornea, that what we have before us 
is really an irido-cyclitis—the share that the cornea takes in the process being 
evidenced only by the presence of a few spots of opacity in its deep layers. 
Thus there exists a continuous series of intermediate forms between typical 
parenchymatous keratitis and irido-cyclitis e lue hereditaria. 

Among the more frequently occurring variations in the clinical picture of 
parenchymatous keratitis the following may be mentioned: In that form which 
begins with macule in the central portions of the cornea it not infrequently 
happens that the macule at a certain distance from the cornea are placed par- 
ticularly close together, and thus form a very opaque ring, which still remains 
visible as a gray circle even when the separate macule have coalesced into 
a continuous mass of cloudiness (hence described by Vossius in brief as kera- 
titis centralis annularis). Allied to these cases are those in which the cen- 
tral part of the cornea becomes particularly opaque through the confluence of 
the macule, and forms a white disk pretty sharply separated from the less 
opaque, marginal portions of the cornea. I have seen several cases in which this 
central opacity remained permanently after the marginal portions had cleared 
up, and formed a dense, white, sharply circumscribed spot in the center of each 
cornea, just as if a deeply penetrating central ulcer had previously existed. 
Sometimes the distribution of the infiltration in the cornea is such that the 
densest opacity occupies the lowest part of the cornea, as if the products of 
inflammation had arranged themselves in the cornea in obedience to the law of 
gravitation. In that case the opacity is bounded above by a convex line, or it 
forms a triangle, the base of which corresponds to the lower margin of the cor- 
nea, while its apex looks upward. The permanent opacity which results from 
this has the greatest similarity to those triangular opacities in the lower part of 
the cornea which are left by an irido-cyclitis, when an exudate at the bottom 
of the anterior chamber has remained for a pretty long time deposited upon the 
posterior surface of the cornea. In irido-cyclitis resulting from acquired syphi- 
lis it not infrequently happens that isolated gray macule appear in the middle 
and deep layers of the cornea. These have been described by Mauthner, Hock, 
Purtscher, and others as keratitis punctata syphilitica. This is distinguished 
from keratitis punctata superficialis (page 171) not only by the etiology, but 
also by the situation of the macul in the deep layers of the cornea, and might 
therefore be suitably characterized as keratitis punctata profunda. 

The vessels in parenchymatous keratitis generally lic in the deep layers. 
Yet it often enough happens that we find, especially with the aid of the mag- 
nifying-glass, a few vessels also which evidently arise from the network of 
marginal loops or from larger conjunctival blood-vessels, and which, therefore, 
lie superficially in the cornea. All vessels tend toward the center of the cornea, 
but do not generally reach it, so that here a roundish spot of the size of a millet- 


seed or more remains devoid of vessels. The vascular portions of the cornea 


180 DISEASES OF THE EYE. 

look red, and, if the vessels are abundant, rise above the level of the non-vascu- 
lar center; the latter, accordingly—which, in consequence of the marked in- 
filtration, is gray or even yellowish-gray—is depressed. We must not on this 
account allow ourselves to be led inio error and consider the depressed gray 
spot as an ulcer ; for parenchymatous keratitis does not, as a general thing, 
lead to ulceration. Exceptions to this rule, though rare, do, however, occur. 
I have seen, in fact, two cases in which perforation had taken place in the center 
of the cornea. 

The anterior chamber in parenchymatous keratitis is often found to be 
deeper than usual, a circumstance which should not, however, be referred with- 
out further consideration to an ectasis of the cornea, a thing which occurs quite 
rarely. On the contrary, we are in this case ordinarily dealing with a reces- 
sion of the iris due to the increased secretion of aqueous humor, resulting 
from the irritation of the iris. This irritation is in part responsible for the fact 
that, during the existence of the inflammation, frequently no dilatation of the 
pupil can be obtained by atropine. But here there is evidently another factor 
that must be considered, and that is that the atropine does not diffuse through 
the inflamed cornea to the same extent as it does through a sound one, so that 
it does not in fact get into the aqueous humor in sufficient quantity to dilate 
the pupil. 

The intra-ocular pressure not infrequently shows an alteration in parenchy- 
matous keratitis. Generally it is diminished so that the eye appears softer, 
although we need not therefore imagine that an atrophy of the eyeball is be- 
ginning. An increase of tension is but rarely observed, and, when it is, some- 
times occurs years after the inflammation has run its course. I have seen this 
even in those cases in which no ectasis of the cornea has been left. Perhaps in 
such a case the increase in tension was to be attributed to the chorioiditis which 
accompanies many—in fact, most—cases of keratitis parenchymatosa. This 
chorioiditis is localized in the most anterior segment of the chorioid (chorioid- 
itis anterior), which is covered with numerous—in most cases black—spots. 
This variety of chorioiditis would probably be set down among the most fre- 
quent symptoms accompanying parenchymatous keratitis if the examination 
with the ophthalmoscope, and hence the determination of the presence of 
chorioiditis, were not rendered impossible while the inflammation lasted by 
the cloudiness of the cornea. The making of this examination and diagnosis 
can only be done when the cornea has cleared up once more after the inflam- 
mation has run its course. It is also often possible to make out the existence 
of peripheral chorioiditis in the other, as yet uninflamed eye. Another and 
rarer complication of parenchymatous keratitis is a diffuse scleritis in the 
region surrounding the cornea. This may subsequently give rise to ectasiz 
of the sclera. 

The typical course of parenchymatous keratitis, and the participation of both 
eyes in it, early suggested the idea of its being due to a constitutional cause. 
Thus Mackenzie gave an excellent description of this disease under the name of 
corneitis scrophulosa, and at the same time gave a number of the accompanying 
symptoms which he looked upon as signs of scrofula. Hutchinson has the 
credit of having completed this series of symptoms, and of having at the same 
time furnished the proof that they belong not to scrofula, but to hereditary 
syphilis. This novel view was slow in making its way. Many at first would 
only allow that it was true for a limited number of cases, and hence divided 
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parenchymatous keratitis into two forms, which they called keratitis scrophu- 
losa and keratitis syphilitica. According to Arlt, the former is characterized 
by an abundant development of vessels; in the syphilitic form, on the other 
hand, the vessels are scanty or altogether wanting, while the part taken by the 
iris is much more prominent. But the more precise our knowledge becomes in 
regard to the symptoms of hereditary syphilis, the more surely we arrive at the 
conviction that this disease lies at the root of parenchymatous keratitis, what- 
ever form the latter may exhibit. Parenchymatous keratitis belongs among 
the latest forms under which hereditary syphilis appears, and is hence, and 
rightly, regarded as one of the most important and most frequent symptoms of 
the late hereditary form of the disease. 

The following history may serve to show how from different symptoms we 
get at the diagnosis of hereditary syphilis. A twelve-year-old girl with par- 
enchymatous keratitis of both eyes was brought into the clinic by her mother. 
The latter declared that she had no knowledge of syphilis either as regards her- 
self or as regards her deceased husband. She only admitted that the latter had 
led an irregular life. The woman went on to say that she had been pregnant by 
this man ten times in all. From the first four pregnancies came four children 
(the eldest at present about twenty-two years old), who are all healthy. The 
fifth child died at the end of one year, the sixth pregnancy ended in an abortion, 
the seventh child is the little patient who is brought into the clinic, the eighth 
child died at the age of nineteen months, the ninth child is living but is always 
sickly, and the tenth died at the age of six weeks. Then the husband died in 
consequence cf an accident; the woman married a second time, and has had by 
her second husband two perfectly healthy children. The woman’s daughter who 
was brought into the clinic was deaf; she presented, in addition to the paren- 
chymatous keratitis of both eyes, the characteristic formation of the cranium 
belonging to syphilitic children. The teeth showed the form described by 
Hutchinson; numerous small, hard lymphatic glands were found upon the neck. 
I made the younger sister (the woman’s ninth child) come too. She, who isa 
feeble girl, is not, to be sure, absolutely deaf, but hears very badly, has the 
characteristic formation of the face and swollen lymphatic glands upon the 
neck, and the teeth—they are still the milk-teeth—are markedly small and 
separated by wide interspaces. Externally the eyes look healthy, but in both 
the periphery of the fundus is found by the ophthalmoscope to be covered with 
spots, black as ink, lying in the chorioid. The correct interpretation of this 
history, without doubt, is that the woman’s first husband had acquired syphilis 
after the fourth pregnancy. While, therefore, the woman’s first four children 
enjoy very good health, only two of the children of the six following births 
are living, and both are sickly, both marked with evident symptoms of heredi- 
tary syphilis. When the woman had become pregnant by her second, healthy 
husband, she had healthy children once more. From the history just submitted, 
it can be deduced that the examination of the little patient’s brothers and sisters 
may often contribute to the clearing up of the case, inasmuch as we may find 
in them, too, symptoms of hereditary syphilis, and thus may still further con- 
firm the diagnosis. Moreover, it is not at all rare for two or even three of a 
set of brothers and sisters to be affected with parenchymatous keratitis. 
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4. Keratitis Profunda.* 


44, In this a gray opacity develops very gradually in the cornea 
—ordinarily in its center—an opacity which is situated in the middle 
and deep layers of the cornea, and over which the corneal surface is 
gray and punctate, but not depressed. Seen with the naked eye, the 
opacity looks uniformly gray, while with the magnifying-glass it may 
be resolved into separate points and macule, or into gray interlacing 
strie. After the opacity has remained for some time (several weeks) 
at its acme it begins to slowly abate, without ulceration having taken 
place. The development of vessels is either entirely absent or is very 
inconsiderable. The accompanying symptoms of inflammatory irrita- 
tion are sometimes slight, sometimes pretty violent. The participation 
of the iris is mostly limited to hyperemia. ‘The disease lasts from four 
to eight weeks or more. In the lighter cases it terminates in a com- 
plete restoration of the transparency of the cornea, while in other cases 
diffuse opacities remain permanently in the center of the cornea. 

Of the causes of keratitis profunda the following are known: 1. A 
rheumatic basis, fyrnished either by a cold or by a preceding articular 
rheumatism. Arlt has characterized such cases as keratitis rheumatica. 
These ordinarily run their course with marked inflammatory symptoms, 
especially with violent pain and photophobia. 2. Intermittent fever 
in its chronic form of malarial cachexia sometimes results in a keratitis 
profunda, ‘which is characterized by the absence of marked symptoms 
of irritation, and also by an unusually chronic course. 3. After in- 
juries, especially contusions, a keratitis profunda not infrequently de- 
velops the peculiarity of which is its relatively rapid course and the 
speedy restoration of the transparency of the cornea. In very many 
cases the cause of the keratitis profunda remains unknown. 

Treatment consists, locally, in the application of a bandage or of 
protective glasses, and the use of atropine and moist warm compresses, 
provided these are well borne. After the inflammatory symptoms have 
run their course, irritant remedies for clearing up the opacity are indi- 
cated. The general treatment depends upon the cause that we are able 
to discover for the keratitis. 


5. Sclerosing Keratitis. 

This is an accompanying symptom of scleritis (see § 53). If a 
scleritic nodule is situated near the margin of the cornea, there de- 
velops in the adjacent portion of the latter an opacity which is situ- 
ated in its deeper layers. It has approximately the shape of a triangle, 
the base of which is situated at the corneal margin, while the rounded 


* Synonyms: central parenchymatous infiltration of the cornea, keratitis 
parenchymatosa cireumscripta. 


DISEASES OF THE CORNEA. 183 


apex looks toward the center of the cornea and becomes gradually 
lost in the transparent cornea. ‘The opacity thus occupies a sector of 
the cornea, the base of which corresponds to the scleritic nodule. It 
is gray or grayish-yellow, and gradually increases in intensity until 
the cornea at the affected spot has become completely opaque. The 
surface of the cornea over the opacity is punctate but not depressed ; 
vascularization is either altogether absent or is very slight, and, when 
it is present, is in the deep layers of the cornea. After the opacity 
has reached its maximum density, a gradual retrogressive process sets 
in, without ulceration having taken place at any time. The process 
of clearing affects the thin edge of the ulcer and its apex, which 
looks toward the center of the cornea; the greatest portion of the 
opacity remains permanently and becomes ultimately bluish-white like 
the adjacent sclera, into which it passes without any sharp line of dis- 
tinction. It looks, therefore, as if the sclera at the spot where the 
opacity is found had pushed its way into the region of the cornea— 
whence the name sclerosing keratitis (Von Graefe). The symptoms 
of irritation which accompany this form of keratitis are excited less 
by it than by the scleritis and the inflammation of the uvea depending 
upon the latter. 

Keratitis keeps following up a scleritis which attacks successively 
different portions of the circumference of the cornea, so that, when 
the disease runs a pretty long course, peripheral opacities form one 
after the other at several portions of the cornea. ‘hese are situated 
upon the cornea under the form of triangles, and converge with their 
apices toward its center. In bad cases the entire periphery of the cor- 
nea is sclerosed in this way, so that only a small portion in the center 
remains transparent. 

The treatment is essentially that cf the scleritis. 


6. Keratitis springing from the Posterior Surface of the Cornea. 


When the posterior surface of the cornea is not washed by the 
aqueous humor, as it is in the normal eye, but an exudate or tissue is 
brought into apposition with it, the substance of the cornea becomes 
cloudy. To produce this effect, however, it is necessary that the appo- 
sition should be kept up for a pretty long time. Hence this sort of 
opacity is not generally found in ordinary hypopyon, because the latter 
disappears too quickly, but is found in those more solid gray exudates 
which appear in the anterior chamber, particularly in scrofulous and 
syphilitic irido-cyclitis. Large deposits also, if they remain for a long 
time, usually leave behind them gray spots upon the cornea. Another 
thing besides exudates, that gives rise to the same form of keratitis, is 
the apposition of tissue to the back of the cornea, as in the case of pro- 
trusion of the iris, of cysts or other tumors of the iris, which reach to 
the cornea, and in the case of lenses which have prolapsed into the 
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anterior chamber. The opacity of the cornea develops at a point cor- 
responding to that spot at which apposition takes place, occurring, 
therefore, in the case of exudates, most frequently below. ‘The surface 
of the cornea at this spot is dull, sometimes slightly uneven, and like 
brawn. The opacity is gray, and, after existing a long time, becomes 
pretty intense, and is permeated by vessels which lie in the deep layers 
of the cornea. It never completely disappears, even after the causal 
lesion has been remedied. The mode of origin of this form of keratitis 
is probably to be conceived of thus: Contact of the cornea with for- 
eign tissue alters the endothelium of Descemet’s membrane. This 
alone, according to Leber’s researches, protects the cornea from the 
aqueous humor. Now, if the endothelium becomes deficient, aqueous 
humor can penetrate into the tissue of the cornea, which consequently 
becomes cloudy. 


The clinical pictures under which non-suppurative keratitis makes its ap- 
pearance are exceedingly manifold. Only a certain number of them can be 
marshaled under fixed types, as has been done in the foregoing pages. Many, 
sometimes very peculiar, forms come under observation too rarely for us to be 
able to build up from them a typical disease-picture; such cases can not at 
present be utilized for such a purpose except with certain reservations. A few 
rather more frequently occurring forms may be enumerated here as an ap- 
pendix to those before described. 

7. Traumatic Striped Keratitis—This is observed after incised wounds 
of the cornea, and most beautifully after the cataract operation. Within the 
first twenty-four hours after the operation gray strie make their appearance in 
the cornea, which, starting from the wound, extend sometimes as far as the 
opposite margin of the cornea, and are always disposed perpendicularly to the 
length of the wound. These strisz are particularly observable in those cases in 
which the lips of the wound have been somewhat contused, as, for example, 
those in which the delivery of the lens has been difficult. They generally dis- 
appear within the first eight days, and only if particularly marked fail to do so 
until after several weeks. This form of keratitis causes no symptoms of irrita- 
tion, and does not cause the least disturbance of the healing of the wound. 
This proves that we do not have to do with a real inflammation. Anatomical 
investigation has, in fact, shown that in these cases cellular infiltration is alto- 
gether wanting, and that there is a dilatation of the lymph-spaces of the cornea, 
which are distended with fluid (Becker, Laqueur, Recklinghausen). This fluid, 
having a different refractive power from the rest of the cornea, makes the latter 
appear cloudy; the striate form corresponds to the arrangement of lymph-spaces 
which follow the direction of the fibrilles of the cornea. 

A similar striate opacity of the cornea is sometimes observed in eases of 
detachment of the retina, which have been treated with the pressure bandage. 
The eye becomes suddenly very soft and the anterior chamber remarkably deep, 
and in the cornea fine gray strize show themselves, which cross in different 
directions, so that the opacity looks like creased tissue-paper. It is probable 
that folds in the cornea take part in producing this effect. 

8. Deep Keratitis in Irido-cyclitis—In every case of marked irido-eyclitis 
the cornea is not perfectly clear, but slightly dull. But in many cases of severe 
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irido-cyclitis the participation of the cornea is still more pronounced, an infil- 

tration of gray, or later often of yellowish, color making its appearance in its 

deep layers. This infiltration, under a process of vascularization, subsequently 

disappears, although it always leaves a permanent opacity behind it, associ- 

ated in severe cases with flatteming of the cornea. Vision in these cases is al-- 
most or quite annihilated, not merely on account of the change in the cornea, 

but chiefly on account of the products of the irido-cyclitis. These cases, which, 

to be sure, are very rare, must not be confounded with those cases of parenchy- 

matous keratitis which are associated with marked implication of the uvea. 

9. Deep Scrofulous Infiltrates occur under the form of extensive gray, 
subsequently yellow, opacities in the middle and deep layers of the cornea in 
conjunctivitis lymphatica. They may either proceed to suppurate, or they may 
go on to resorption, in which case the cornea sometimes clears up in a surpris- 
ing manner. For a more detailed account, see Conjunctivitis Lymphatica 
(page 87). 

10. Keratitis Marginalis.—This rare disease yenerally affects old people, 
and occurs for the most part on one side only, rarely on both sides. There 
forms upon the margin of the cornea, with moderate symptoms of irritation, a 
gray, later grayish-yellow, or even purulent-yellow opacity, which directly ad- 
joins the sclera and reaches for a distance of about two millimetres into the 
transparent cornea. This marginal zone of opacity generally embraces from one 
third to one half of the circumference of the cornea (most frequently the upper 
part), or in rare instances surrounds the entire cornea. The surface of the cor- 
nea over the opacity is somewhat dull, but shows no loss of substance, and 
never any exfoliation of epithelium. The limbus soon pushes forward, and 
with its vessels covers the opacity. The irritative symptoms disappear in from 
one to two weeks, while the marginal infiltrate is transformed into a permanent 
gray opacity of the cornea. This opacity bears a great resemblance to the arcus 
senilis, from which it is chiefly distinguished by its not being separated by a 
transparent zone from the scleral margin, but passing into the latter without any 
clear line of distinction. Iritis does not occur in connection with this affection 
of the cornea, nor does ulceration of the cornea, as a rule; only twice have I 
seen small superficial ulcers develop upon the cornea. On account of the mar- 
ginal situation of the residual opacity, this form of keratitis is without danger 
to the sight. I have not found the description of this form of keratitis in the 
text-books, with the exception of the text-book of Arlt, who describes it in 
connection with sclerosing keratitis; I have, however, never scen symptoms of 
scleritis occurring in conjunction with this inflammation of the cornea. 


Il. INJURIES OF THE CORNEA. 


45. 1. Foreign Bodies in the Cornea.—The penetration of foreign 
bodies into the superficial layers of the cornea belongs among the most 
common of accidents. What is mest frequently observed are small par- 
ticles of iron in the cornea, particularly among mechanics of a certain 
sort, like locksmiths, blacksmiths, iron-founders, ete. These particles 
do not look like metallic iron, but vary from dark brown to black ; 
for the particles of iron, which, for example, fly off when iron is being 
hammered, are heated by the force of the blow so that they are thrown 
out as sparks. Thus they become oxidized into ferroso-ferric oxide (so- 
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called iron-scale), and under this form are found in the cornea. If the 
fragment of iron remains sticking in the cornea, it becomes surrounded 
very soon by a brown ring, because the portions of the cornea in its 
immediate vicinity take up the oxidized iron and so turn brown. 
Fragments of coal are also frequently found in the cornea—for instance, 
in firemen or in people after a railroad journey—and fragments of stone 
in stone-cutters, stone-breakers, etc. 

Foreign bodies penetrating into the cornea should be removed as 
soon as possible. If they are superficially situated, it is an easy matter 
to pry them up with a suitable instrument. For this purpose we use 
a special needle, which is made broad at its upper end, or an instrument 
upon the plan of a small gouge. In default of such instruments we 
may also make use of a sharp sewing-needle or the point of a small 
knife, employing, of course, the necessary precaution. It is advan- 
tageous first to render the cornea insensitive by the repeated instilla- 
tion of a five-per-cent solution of cocaine. In the case of fragments 
of iron, besides the foreign body the ring of brown-colored corneal 
tissue next it should be scraped off. 

If the foreign body is not removed in season, its expulsion by sup- 
puration follows. An inflammatory infiltration forms about it, sur- 
rounding it in the form of a gray ring. Then the tissue of the cornea 
in this place breaks down, so that the foreign body becomes loose and 
ultimately falls out. The resulting ulcer generally becomes rapidly 
cleansed and heals, leaving a small opacity after it. This process of 
elimination takes place with marked symptoms of irritation, and espe- 
cially with hyperemia of the iris, or even with iritis, which latter makes 
itself evident by the formation of a hypopyon and of synechie. It is 
only grains of powder or of lime which are known to have the power 
of remaining in the cornea without exciting suppuration and becoming 
permanently incorporated in it. 

Much more infrequent, but also much more serious, are those cases 
in which a small foreign body has penetrated into the deep layers of 
the cornea. In this case, in order to remove the foreign body, it is 
often necessary to incise the lamelle of the cornea that lie above it, so 
as to be able to draw it out with the forceps. If the point of the for- 
eign body projects into the anterior chamber there is the danger that, 
in attempting to grasp the foreign body, the latter may be pushed in 
still farther, and may injure with its point the capsule of the lens. In 
such a case, therefore, the indication sometimes is to make a prelimi- 
nary opening in the cornea near its margin and to introduce the in- 
strument from this point into the anterior chamber, by which means 
we press the foreign body from behind forward, so that we can grasp it 
by its anterior extremity and extract it. 

2. Solutions of Continuity of the Cornea.—Superficial excoriations 
of the cornea, which simply produce a loss of substance in the epi- 
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thelial covering, are known as erosions. These belong among the 
most frequent of injuries, such as one gives himself by scratching the 
eye with the finger-nail, with a rough cloth, a stiff leaf or twig, etc. 
Such an injury is commonly accompanied by pretty marked symptoms 
of irritation, such as photophobia, lachrymation, and especially by vio- 
lent pain. Examination of the eye shows, besides the ciliary injection, 
a defect in the epithelium, forming an ulcer, the floor of which is per- 
fectly transparent, so that it is only by taking the corneal reflex that 
the loss of substance can be discovered. Healing generally takes place 
within a few days by a complete regeneration of the epithelium, start- 
ing from the edges of the epithelial defect ; a permanent opacity does 
not remain. Quite a good deal of significance attaches to these trau- 
matic erosions, from the fact that not infrequently they are the start- 
ing-point of an ulcer or abscess of the cornea, especially if an oppor- 
tunity is given for the production of infection. This latter is particu- 
larly apt to be the case when a conjunctival trouble associated with 
abnormal conjunctival secretion, or when a blennorrhcea of the lachry- 
mal sac, is present. 

It is worth remarking that sometimes recurrences of corneal erosion 
take place without any new injury having preceded them (Arlt). 
After the lesion has been to all appearances fully healed, marked 
symptoms of irritation set in suddenly several weeks or months after- 
ward without known cause; and a loss of substance is again found upon 
the cornea in the epithelium at the site of the former injury. Such 
relapses may occur repeatedly. They have their cause probably in the 
fact that the epithelium at the original site of injury has never become 
regenerated in a perfectly normal fashion, so that under the action of 
any insignificant cause it is again separated and cast off. Perhaps this 
separation of the epithelium takes place in the form of a vesicle, which 
ruptures so quickly that we do not get a sight of it, but only of the loss 
of substance in the epithelium (see page 171). 

Erosions are best treated by the application of a simple protective 
bandage, the use of which should be kept up until the epithelium is com- 
pletely regenerated. In this measure also is found the best protection 
against relapses; and if the latter do occur, they require the wearing of 
the bandage a second time, and that, too, for a sufficiently long period. 
If marked symptoms of an accompanying inflammation exist, and these 
are not relieved by the bandage alone, we may instill atropine. 

Deeper wounds of the cornea when they heal always leave cor- 
responding opacities behind. Such wounds are particularly dangerous 
under two circumstances—i. e., when they are infected and when they 
perforate the cornea. In the former case infiltrates develop in the 
cornea which may be transformed into ulcers or abscesses. In the 
latter case prolapse of the iris occurs, provided the wound is large 
enough. Moreover, the iris or the lens may be injured at the same 
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time, and lastly there exists, as in all perforating lesions of the eyeball, 
the danger of an inflammation of the deep parts of the eye, produced 
by infection, and very frequently ending in the destruction of the 
organ. 

The treatment of recent wounds of the cornea requires us first of 
all to strive against the production of infection in them. We cleanse 
the eye with antiseptic solutions, strew the wound with finely powdered 
iodoform, and, after we have dropped in atropine to combat any iritis 
that may exist, we apply a protective bandage. If we are dealing 
with a perforating wound of the cornea, the greatest possible quiet on 
the part of the patient (rest in bed) is requisite in order to bring about 
a speedy and solid closure of the wound. If the iris is prolapsed, it 
should be so excised, after carefully separating it from the lips of the 
wound, that no iris remains any longer incarcerated in the wound; 
according to just the same principle that holds good for prolapses of 
the iris of spontaneous origin. (For more precise particulars in regard 
to perforating wounds of the cornea, see §§ 54 and 55.) 

3. Injuries of the Cornea by Caustic Agents and by Burns.—These 
occur simultaneously with the analogous injuries of the conjunctiva, 
and are produced by the same causes that these are (see page 100). In 
fact, in the case of such injuries of the eyeball, it is precisely the part 
which the cornea takes in the process that is a criterion for the prog- 
nosis—for the most harmful consequences of these injuries are the 
opacities which are left in the cornea. The corroded or burned cornea 
looks dull and opaque. The extent of the opacity depends upon the 
extent of the burn, but the intensity of the opacity depends upon the 
depth to which the corneal tissue has been destroyed. In light cases 
the color of the opaque cornea is gray, but in severe cases whitish. 
In the worst cases the cornea is all as white as porcelain, dry upon its 
surface, and quite insensitive; such a cornea is completely necrotic. 
In general it is not always easy to estimate from the character of the 
injury alone how deeply the destructive process has penetrated into the 
cornea, and hence caution is advisable in giving the prognosis. 

The injury is generally followed by sharp pain. It heals by the 
extrusion of the dead tissue. In the lightest cases, in which the injury 
has affected the epithelium only, the processes of extrusion and of heal- 
ing occur very rapidly (as in the frequent cases of burns of the cornea 
produced by a curling-iron). If the destructive process has made its 
way into the parenchyma of the cornea, a delimiting suppuration sets 
in, which leads to the separation of the eschar; the loss of substance 
thus produced heals, leaving a permanent opacity. If the destructive 
process has at any point gone through the entire thickness of the cor- 
nea, perforation of the latter develops after the separation of the eschar. 
The iris then prolapses, and the resulting cicatrization unites the iris 
to the cornea (cicatrix of the cornea with anterior synechia). In a 
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similar way adhesions often develop between the cornea and the con- 
junctiva of the lids (symblepharon), provided that a loss of substance 
is present in the latter also. The treatment of injuries produced by 
burns and caustics has already found mention under the head of the 
analogous injuries of the conjunctiva. 


III. OpaciTIEs oF THE CORNEA. 


46. Opacity of the cornea is a constant accompaniment of every 
inflammation of the latter, and is in this case caused by cellular infil- 
tration of the corneal tissue. This recent inflammatory opacity is of 
a changeable nature, increasing or diminishing according to the course 
of the inflammation. From this variety we must distinguish those 
opacities which are stationary, whether they represent the residua of 
an inflammation that has already run its course, or have developed 
gradually without any antecedent inflammation. These stationary 
opacities, of which alone we shall treat here, we call opacities of the 
cornea in the narrower sense of the word. ‘They are by far the most 
frequent cause of poor sight, and hence have a particular claim upon 
the interest of the physician. 

We distinguish stationary opacities of the cornea into those of in- 
flammatory origin and those which have developed without any ante- 
cedent inflammation. 


(a) Opacities of the Cornea of Inflammatory Origin. 


These are the consequence of a keratitis, either suppurative or non- 
suppurative. In the first case the tissue of the cornea, which has been 
destroyed by suppuration, is replaced by cicatricial tissue, and the 
opacities thereby produced are corneal cicatrices in the proper sense of 
the word. In this category also are to be counted most opacities which 
remain after injuries. The cornea may also have opacities remaining 
after a non-suppurative keratitis, either because its tissue has been so 
altered by the deposition of exudate which has taken place that it does 
not even afterward regain its physiological transparency, or because the 
exudate itself in part becomes organized and thus remains as new tissue 
in the cornea (an example is a pannus which has been transformed into 
connective tissue). It is an uncommon thing, relatively speaking, for 
opacities to occur which are situated in the epithelium only, as, for 
instance, in those cases in which the epithelium as a result of constant 
mechanical irritation—in trichiasis—becomes thickened and hence 
opaque. , 

The appearance of opacities of the cornea varies according to their 
degree of intensity and their age. Slight opacities appear as trans- 
lucent bluish-white spots with outlines altogether hazy—macul@ or 
nubecule cornee. Well-marked opacities are grayish-white or pure 
white, and are usually pretty sharply outlined ; moreover, in the begin- 
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ning they are apt to be traversed by vessels which afterward become 
fewer or disappear altogether. The surface of the opacity generally 
lies on a level with the adjacent healthy cornea, especially if the opaci- 
ties are small, although elevation or depression of the surface of the 
cornea at the site of the cicatrix is also observed. Elevation of the 
surface is commonly the result of an ectasis of the cicatrix. More 
rarely it is catised by excessive development of cicatricial tissue, or by 
thickening of the epithelium upon the surface of the cicatrix. De- 
pression of the surface of the cornea at the site of the cicatrix occurs 
most frequently in the case of small cicatrices from the incomplete 
filling up of the ulcer with cicatricial tissue (facet of the cornea). In 
the case of larger cicatrices which have developed in consequence of 
extensive perforation of the cornea, or more rarely as a result of a severe 
non-purulent keratitis, a flattening of the entire cornea may follow 
from the retraction of the cicatricial tissue (applanatio cornee). ‘This 
is especially apt to occur if a plastic irido-cyclitis has existed simul- 
taneously with the inflammation of the cornea; for, on account of this 
irido-cyclitis, extensive membranous exudates are deposited in the in- 
terior of the eye, which by their contraction diminish the intra-ocular 
pressure, and so favor the flattening of the cornea. 

With many cicatrices incarceration of the tris occurs. This isa 
proof that there has been an antecedent perforation of the cornea; 
hence such cicatrices are always very thick. It is important to deter- 
mine in any special case whether a cicatrix of the cornea is or is not 
connected with the iris, since an incarceration of the iris may entail 
serious consequences. We recognize the presence of such an anterior 
synechia by the displacement of the pupil toward the site of the in- 
carceration, and furthermore by the unequal depth of the anterior 
chamber, which is always shallower near the place where the iris is 
adherent. In many cases, also, the dark color of the cicatrix gives 
evidence of the incarcerated iris, the pigment of which shows through 
the cicatricial tissue. The union between iris and cicatrix is often 
confined to quite a small spot, so small, sometimes, that only a very fine 
filament rises from the iris and passes over to the cicatrix in the cornea. 
At other times broad adhesions exist, and there may even be an incar- 
ceration of the entire pupillary margin of the iris in the cicatrix. In 
this case occlusio and seclusio pupille are produced, with their baneful 
consequences (see § 69). 


(b) Corneal Opacities of Non-inflammatory Origin. 


A physiological opacity which at an advanced age makes its ap- 
pearance in the cornee of healthy eyes, is the arcus senilis, or geron- 
toxon cornex, which has been considered under the head of the anato- 
my of the cornea. Among pathological opacities of non-inflammatory 
origin the principal one requiring mention is the zonular opacity of 
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the cornea.* ‘This forms a gray stripe from three to five millimetres 
broad, which passes straight across the cornea, a little below its center. 
It develops with extreme slowness, occupying years in its progress; the 
first parts to appear being the two terminal points of the opaque stripe 
—that is, the portions of the opacity lying nearest the outer and inner 
margin of the cornea. These points are always separated from the 
margin of the cornea by a narrow, transparent zone. Starting from 
them the opacity gradually pushes its way toward the middle line, 
where the two parts of it unite, and thus close in the opaque zone 
which covers the lower half of the cornea. This zone has a well-de- 
fined outline on all sides, and is more densely opaque at the margins 
than in the center. On examining it pretty closely, especially with a 
magnifying-glass, we ascertain the opacity to be composed of minute 
white or gray dots which lie quite superficially—in the epithelium or 
directly beneath it; hence we usually find the surface of the cornea 
over the opacity roughened, or covered with minute prominences. 

Zonular opacity of the cornea generally develops in eyes which have 
nearly or quite lost their sight in consequence of some intra-ocular 
affection (irido-cyclitis, glaucoma), and in this case it is practically of 
little significance. It is only very rarely (and then only in elderly 
people) that we encounter it in eyes which are otherwise perfectly 
sound, so that here the corneal opacity itself is the sole cause of the 
disturbance of vision. 

Among the varieties of opacity which do not depend upon inflam- 
mation, belong also the pressure opacity of the cornea—i. e., that form 
of opacity which develops in connection with an elevation of the intra- 
ocular tension. It isa diffuse, smoky opacity, which is most marked in 
the center of the cornea and gradually diminishes toward its margin. 
That it is not of inflammatory nature is proved by the fact that, after 
the disappearance of the rise in tension, it very soon, often in less than 
an hour, vanishes completely, which would not be possible if it depended 
upon an inflammatory infiltration of the cornea. In fact, in the case 
of the pressure opacity we are simply dealing with an wdema of the 
cornea, which is situated mainly in the epithelium, and which is capa- 
ble of rapid subsidence. 

47. Disturbance of Vision produced by Opacities of the Cornea.— 
Every opacity which falls wholly or in part within the pupillary region 
of the cornea results in disturbance of vision; for the sum of the 
incident rays at the site of the opacity, instead of being all permitted 
to pass through the cornea, is divided into two parts: one part is 
absorbed by the cicatrix or is reflected off from it; the other part pene- 
trates through it into the eye. The relation between these two parts 
depends upon the density of the opacity; the denser it is, the more 
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numerous are the reflected, the less numerous the transmitted, rays. 
The rays reflected from the opacity are the cause of our perceiving it 
as a gray or white spot; but just in proportion to the total amount of 
these rays does the interior of the eye receive less light. Hence the 
cicatrix does harm by cutting off ight. To be sure, this factor becomes 
a matter of serious consideration only in very dense opacities, since we 
are able to see with very much less light than we usually employ. Thus 
we see through a stenopwic slit scarcely less clearly—and persons with 
errors of refraction even more clearly ($ 140)—than with the naked 
eye, although the slit allows but little light to pass. So, also, people 
with abnormally contracted pupils are still able to see with perfect dis- 
tinctness. The real cause of the disturbance of vision produced by 
corneal opacities is not, therefore, the cutting off of light, but rather 
the scattering (diffusion) of light. Rays passing through a turbid 
medium are not regularly refracted, but are scattered in all directions, 
just as if they emanated from the turbid stratum itself. Thus, when a 
physicist requires a uniform illumination, he makes the light from a 
luminous body pass through a ground-glass plate or through oiled 
paper, substances which may then be considered to act as self-lumi- 
nous bodies themselves. The diffusion of the rays is the more com- 
plete the denser the opacity. 

With respect to the density and the extent of the opacity, the fol- 
lowing cases are possible: 1. A dense opacity occupies the whole pupil- 
lary region of the cornea. Then all the light is diffused; no image at 
all of external objects is formed upon the retina, and therefore there 
can not be qualitative but only quantitative vision. 2. A slight opaci- 
ty covers the whole pupillary area. In this case the diffusion of light 
is not complete. A part of the rays is refracted, although not quite 
regularly; another part is diffused. Hence there are retinal images 
formed, which are, however, indistinct; and, besides, there is much dif- 
fused light. 3. Only a part of the pupillary region is taken up by the 
opacity, while the remaining part is normally transparent. Then dis- 
tinct retinal images are produced by means of the latter clear portion, 
but at the same time much diffused hight is thrown into the interior 
of the eye by means of the clouded portion. Hence in this case also 
vision is disturbed, and that by the dazzling which the diffused light 
causes. 

To the disturbance of vision produced by diffusion there is often 
added that caused by the irregular curvature of the corneal surface, 
which is so often present at the site of opacity. There is thus pro- 
duced that refractive condition which is designated by the name of 
irregular astigmatism (see § 149). If the opacity of the cornea corre- 
sponds to a flattening of the surface, as in facets’ of the cornea, this 
spot refracts less strongly and is hypermetropic; if the cornea is bulged 
forward at the site of the opacity, as in the case of ectasia, excessive 
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refraction, and with it myopia, are produced. In ectatic cicatrices 
of the cornea the abnormality of curvature is not confined to the cica- 
trix, but extends to the neighboring transparent portion of the cornea 
also, so that, as a rule, no portion of the cornea retains its normal 
curvature. In consequence of the irregular astigmatism, objects appear 
indistinct, distorted, and often also double or multiple. 

The disturbance of vision produced by an opacity of the cornea 
often entails still other indirect results. Among these are strabismus, 
nystagmus, and myopia. ‘The last named is in many cases only appar- 
ent. The patient with corneal opacities brings minute objects unusu- 
ally close to his eye, in order to have their retinal images as large as 
possible, and so in a measure make up for their indistinctness. Never- 
theless, elongation of the axis of the eye—i. e., true myopia—may ulti- 
mately develop in consequence of the great accommodation and con- 
vergence necessitated through such an excessive approximation of 
objects. 

Treatment.—The chief task that this has to attend to is to improve 
the sight. The means employed for this purpose are as follows: 

(a) Clearing up of the Opacity.—In the case of every opacity of re- 
cent date we must first try to clear it up as much as possible by the 
application of irritants (see page 150). In older opacities, which can 
not be cleared up any further by medicinal means, the next step appar- 
ently would be to render the cornea transparent once more by excising 
the opaque layers with the knife. Such attempts, however, have re- 
sulted unsuccessfully, for the loss of substance resulting from the ex- 
cision of the opacity heals again with the formation of cicatricial tissue 
—that is, with the formation of an opacity, just as before. Removal of 
opacities by operation is only indicated when they are situated in the 
epithelium, since losses of epithelium are made good by normal trans- 
parent epithelium. Cases in which removal of the epithelium—abrasio 
cornee—is indicated, are those in which the epithelium has been thick- 
ened by mechanical irritation, as in trichiasis; also in those in which 
lead, lime, or grains of powder are imbedded in the epithelium; and 
lastly in zonular opacity of the cornea, provided this attacks an eye 
that but for it would be able to see. In cases in which the cornea is 
cicatricial throughout, the attempt has been made to restore the sight 
by transplantation of the cornea. A circular piece is excised from the 
opaque cornea, and an equally large piece of a normally transparent 
cornea (from the eye of a human being or of an animal) is inserted in 
the opening. The transplanted piece of cornea unites, as a rule, but 
afterward becomes opaque, and so completely for the most part that 
the patient gains nothing. Success may be most reasonably antici- 
pated in those cases in which perforation of the cornea has not preceded 
the formation of the cicatrix. In this case Descemet’s membrane is 
everywhere present, and should, moreover, be preserved in performing 
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transplantation, the opaque layers of the cornea lying in front of it 
being removed by means of a small trephine and replaced by a trans- 
parent piece of cornea (Hippel). 

(b) The optical aids that may be employed for improving the sight 
are glasses and the stenopeic slit. The object of the latter is to bring 
nothing but the transparent part of the cornea into use for vision, and 
to exclude the portion bearing the opacity, by which means the dazzling 
due to diffusion is prevented. Glasses may sometimes be of advantage 
when the opacity is complicated with changes in the curvature of the 
cornea. 

(c) Displacement of the pupil by means of iridectomy (after the 
method of Beer) is generally the only means of restoring sight in the 
case of dense opacities which entirely conceal the pupil. (For the indi- 
cations and the method of performing this operation, see the section on 
operations, § 156.) 

In large and very white cicatrices of the cornea it is often desirable 
to do away with the disfigurement that they produce. For accomplish- 
ing this purpose, tattooing of the cornea (De Wecker) is of service. 
This procedure depends upon the observation that many bodies, as, for 
example, grains of powder, may become imbedded in the cornea and 
remain there permanently. ‘Tattooing consists in giving the white cica- 
trix a black tint by means of India ink, which is introduced into the 
cicatricial tissue by being repeatedly pricked in with a needle. The 
tattooing-needles used for this purpose consist either of a bundle of 
ordinary sharp-pointed needles (Taylor), or of a single broad needle 
which is channeled for the reception of the ink (hollow needle of De 
Wecker). 


From the form and position of corneal opacities we may often gather an 
impression as to the variety of keratitis to which they owe their origin. Thus: 
(a) Macule of the cornea originate from small corneal ulcers. They most fre- 
quently develop in childhood as a consequence of conjunctivitis lymphatica, 
and in that case are often distinguished by being situated on the margin of the 
cornea. Quite characteristic opacities are the elongated ones which are left by 
a vascular fasciculus. (0) Opacities which are slight and diffused, but which 
are nevertheless spread over the greater part of the cornea, are mostly the result 
of pannus or of parenchymatous keratitis. In the first case they are situated 
superficially, in the second case in the depth of the cornea. (c) Extensive, 
tendinous-looking opacities, without incarceration of the iris, in which chalky- 
white dots are often visible, are observed after severe cases of parenchymatous 
keratitis. Similar white dots also occur in opacities resulting from corrosion by 
lime, and in this case depend upon imbedded calcareous particles. Finally, 
cicatrices with incrustation of lead are also distinguished by a sharply circum- 
scribed, extremely white opacity. (d) Marginal, crescentic, or arcuate opaci- 
ties are the consequence of catarrhal ulcers or of keratitis marginalis; they should 
not be confounded with an incompletely developed arcus senilis. (e) Large, 
thick cicatrices with inclusion of the iris, which often occupy the whole cornea 
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except a narrow rim about the margin, are most frequently produced by an 
abscess of the cornea or by acute blennorrheea. The same sort of extensive 
cicatrices also occur after keratomalacia, diphtheria, and burns; in the last two 
cases cicatrices upon the conjunctiva are never wanting, and conduce to the cor- 
rect diagnosis. (/) Sharply defined punctate or striate cicatrices are the result 
of traumatism, whether effected by accident or by design (operation). (g) Dense, 
white cicatrices, which occupy the lowermost part of the cornea and terminate 
above in an almost horizontal border, are caused by keratitis e lagophthalmo, 
Sometimes we see men in whom such ecicatrices are present in both eyes. In 
this case the cicatrices are usually the consequence of a severe disease, in the 
course of which a condition of somnolence and a resulting imperfect closure of 
the lids lasted for some time. (h) Opacities in the lowermost part of the cor- 
nea having superiorly a triangular outline are the result of a parenchymatous 
keratitis which, contrary to rule, has become localized in the lower half of the 
cornea, or are the result of the deposition of an exudate upon the posterior cor- 
neal surface. (¢) Small, bluish-white opacities which are situated at the mar- 
gin of the cornea and project into the transparent part of it under the form of 
obtuse-angled triangles, are the residua of a sclerosing keratitis. 

Those opacities which are produced by the deposition of an exudate some- 
times exhibit an adhesion of the iris to the cornea, and hence belong to those 
rare cases in which an anterior synechia exist without a preliminary perforation of 
the cornea. The iris is drawn up to the posterior surface of the cornea by the 
exudate, as it is contracting and undergoing organization, and becomes fixed 
there. In a similar way anterior synechia without preliminary perforation of 
the cornea is observed in those cases in which the iris has been pushed forward 
as far as the posterior surface of the cornea and kept there for some time. The 
iris in such cases becomes agglutinated to the cornea in spots, and if it afterward, 
either spontaneously or as the result of an iridectomy, returns to its normal 
position, these agglutinated parts of it remain attached to the cornea. We then 
either find the iris extensively adherent to the cornea, or one or two tags arise 
from it, whose apices are inserted into the posterior corneal surface. The same 
thing may take place if the anterior chamber has been effaced for some length 
of time, so that iris and cornea have been directly in contact with each other. 

Cicatrices of the cornea are often subjected to subsequent metamorphoses. 
Thus it may happen that cicatrices, originally flat, later become ectatic. Mark- 
edly ectatic cicatrices, the most prominent point of which is but incompletely 
covered by the lids, not infrequently display at this point a xerotic condition 
of the epithelium, which looks dry and epidermoid. In old, dense cicatrices, 
yellow spots sometimes develop, caused by the deposition of fat or of concre- 
tions of colloid matter. Small, chalky-white specks imbedded in the cicatrix 
are to be referred to a deposition of lime. In fact, small calcareous plates are 
frequently thus formed, which, when they become loose, can be picked off with 
a forceps. In these cases we have to do with different varieties of retrograde 
metamorphosis, which are referable to insufficiency of nutrition of the dense 
cicatricial tissue. Such processes may give rise to the softening and ulcerative 
disintegration of old cicatrices—so-called atheromatous ulcers, which not infre- 
quently induce perforation. 

As regards the opacities which are produced by non-inflammatory processes, 
they are mostly referable to a lowering of the nutrition of the cornea. The 
arcus senilis consists in the deposition of a colloid substance in the more super- 
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ficial layers of the cornea, close to the limbus; its cause is assumed to be senile 
atrophy of the limbus, with involution of a portion of the vascular loops con- 
tained in it. Zonular opacity of the cornea also depends upon a disturbance of 
nutrition, caused by a lessened ability on the part of the cornea to withstand 
external injurious influences. The position and extent of the opacity correspond 
to the palpebral zone of the cornea—i. e., that part of it which lies exposed in 
the palpebral fissure even when the latter is but slightly opened. Since this 
form of opacity affects cornea which have generally been made insensitive 
already and often opaque, too, by some antecedent disease, it must be assumed 
that it occurs because these cornes are unable any longer to withstand properly 
the external injurious influences to which they are subjected in the region of 
the palpebral fissure. The anatomical alterations which are the fundamental 
factors in producing zonular opacity of the cornea consist usually in the de- 
position of lime-salts in and beneath the epithelium (Dixon, Bock); colloid 
degeneration has also been observed (Goldzicher). 

Congenital opacities of the cornea, although rare, do occur, some being of in- 
flammatory, some of non-inflammatory, origin. The former are caused by a 
foetal keratitis. The latter are relatively more frequent, and are found in con- 
junction with other congenital anomalies of the eye. They are referable to an 
arrest of development. The foetal cornea is originally opaque; it acquires its 
transparency only by degrees. An arrest of this process of transformation 
leaves the cornea more or less opaque. 

The disturbance of vision by dazzling, which occurs when an opacity is 
present in the pupillary region of the cornea, is explained as follows: In the 
normal eye the images of the objects in the visual field lie upon the retina, side 
by side and sharply separated from each other, the bright and dark parts in 
contrast. Now, if by means of a spot of opacity upon the cornea light is dif- 
fused uniformly over the whole retina, the distinction between the light and 
dark portions of the retinal images becomes less striking. The following com- 
parison may illustrate these conditions: In a well-taken photograph all details 
are seen sharply and distinctly. But if it is rather highly polished, and we look 
at it obliquely, the glazing shines so that the details of the photograph can no 
longer be distinguished. As the glazing is perfectly transparent, the rays 
emanating from the photograph still arrive at our retina and produce there 
sharp images of the details of the photograph. But in addition there come 
numerous rays reflected from the surface of the glazing, which so flood the 
whole retina with light that the sharp retinal images are, so to speak, drowned 
out. 

A man with sound eyes can get an idea of the sensation of dazzling pro- 
duced by corneal opacities, if, when in a picture-gallery, he looks at a picture 
which is hung upon a narrow strip of wall lying between two windows. He 
can scarcely see what the picture represents, and has a very unpleasant sense of 
dazzling. How is the diffusion of light effected in this case? The normal cor- 
nea is not, as is ordinarily assumed, absolutely transparent. We can see this 
from the fact that a portion of the cornea, which has light concentrated upon it 
by focal illumination, looks gray, insomuch that the tyro might suppose that 
there was a pathological opacity of the cornea. The cornea, therefore, always 
reflects a certain quantity of light. The like is true of the lens, and, generally, 
of all the refracting media of the eye. In consequence of this imperfect trans- 
parency of the refracting media, diffusion of light takes place even in the nor- 
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mal eye, although, to be sure, under ordinary circumstances, it is too incon- 
siderable to excite notice. But, in the example given, diffusion exerts such a 
disturbing effect, because, in proportion to the light reflected from the picture 
an uncommonly large amount enters the eye from the two windows, and thus 5 
relatively great quantity of light undergoes diffusion. 


IV. Kerasi™ or THE CORNEA. 


Just as in the case of opacities, so also in the case of ectasie of the 
cornea, we must first of all distinguish whether they have been pro- 
duced by inflammation or not. On the basis of this distinction we 
make the following subdivision of ectasiz of the cornea: 

{ Staphyloma, 
( Keratectasia. 
{ Keratoconus, 
| Keratoglobus. 


Ketasie of inflammatory origin . . 


Ectasiz of non-inflammatory origin 


1. Staphyloma of the Cornea. 


48. Symptoms.—A staphyloma is a protuberant cicatrix originating 
in a prolapse of the iris, and wholly or in part replacing the cornea. 
We distinguish accordingly between total and partial staphylomata. 
In total staphyloma there is found in place of the cornea an opaque, 
protuberant cicatrix, the base of which is encircled by the margin 
of the sclera or by the very outermost rim of the cornea, which may 
still be preserved. In one series of cases the protuberant cornea has 
the form of a cone (staphyloma totale conicum). In conical staphy- 
loma the protuberance starting from the margin of the sclera rises 
gradually all the way to its apex. In other cases, however, the protu- 
berance is hemispherical (staphyloma totale sphericum), and its walls, 
rising abruptly from the sclera or even overhanging it, are outlined 
sharply upon the latter (Fig. 39). The spherical is more frequent 
than the conical form in total staphyloma. Many spherical staphylo- 
mata, above all those of recent date, have such a very thin wall that 
the layer of black pigment (Fig. 39, 7) on its posterior surface is seen 
through it, shining with a bluish luster. Such staphylomata accord- 
ingly form a slate-colored or bluish-black hemisphere, which in form 
and color has a certain resemblance to a blue grape, whence the name 
staphyloma (orafvdj, a bunch of grapes). Afterward thickening of 
the wall of the staphyloma occurs. If this takes place first under the 
form of firm isolated bands, by which the surface of the staphyloma 1s 
constricted in spots somewhat after the fashion of a blackberry, what 
is called staphyloma racemosum is produced. Old staphylomata have 
for the most part a thick white wall, in which usually one or two dark 
spots may be observed, resulting either from a deposition of pigment 
or from localized thinning (Fig. 39, a). Staphylomata are generally 
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traversed by one or two pretty large vessels originating from the con- 
junctiva. On account of the opaqueness of the staphyloma, nothing is 
to be seen of the deeper parts of the eye. The iris is all taken up into 
the staphyloma— that is, 
all of it except its extreme 
periphery, which is so close- 
ly apphed to the posterior 
surface of what remains of 
the marginal portion of 
the cornea that there is no 
longer any anterior cham- 
ber. 

A partial staphyloma oc- 
cupies only a portion of the 
cornea. It rises as a white 
prominence, usually in the 
form of a cone (staphyloma 
partiale conicum); spheri- 
cal protuberances (staphy- 
loma partiale sphericum) 
are pretty rare in the case of 
partial staphylomata. The 
relation here, therefore, is 
the reverse of what it is In 
the case of total staphy- 
lomata. Partial staphy- 
Joma usually extends in 
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Fic. 39.—ToTaL STAPHYLOMA OF THE CORNEA WITH CON- 
SECUTIVE ELEVATION OF TENSION, ORIGINATING FROM 
THE TOTAL PROLAPSE OF THE IRIS REPRESENTED IN 
Fig. 38. 

Out of the iris, 7 (Fig. 38), which has been thinned out in 
consequence of its protrusion, a thick cicatrix, N, 
has grown, in which a thin spot, a, corresponds to 
the old pupil (p, Fig. 38), while on the posterior sur- 
face of the cicatrix the retinal pigment of the iris 
remains as a black coating, 7. The staphyloma is 


apparently directly continuous with the sclera, S, 
from which it is separated only by Schlemm’s canal, 
s. For, on account of the elevation of tension, the 
periphery of the iris has been pressed against the 
cornea so that the anterior chamber (v, Fig. 38) has 
disappeared, and the iris and the marginal portions 
of the cornea are fused into a single mass which has 
been incorporated in the staphyloma. As acom- 
parison of the two figures shows, the corneo-scleral 
margin has had its limits enlarged. Because of this, 
and also because of the shrinking of the lens, L, the 
zonula has become tightly stretched, and has drawn 
the atrophic ciliary processes. c, inward. The lens 
is cataractous, shrunken, and has at its anterior pole 
a pyramidal cataract, p. 


one direction as far as the 
margin of the cornea, while 
in the other direction there 
is a portion of the cornea 
of varying extent which is 
still left, and which, more- 
over, is generally transpar- 
ent, so that the iris ean be 
recognized behind it. The 


iris is drawn forward to the staphyloma, so that the pupil is displaced 
toward the latter and often partly concealed by it. Indeed, the pupil 
may be closed up altogether if the whole pupillary margin of the iris 
is incorporated in the staphyloma (as is the rule in the case of total 
staphyloma). 

Etiology.—Staphyloma constitutes the final outcome of the corneal 
ulcer with perforation, and is nothing but the prolapsed iris which has 
become protruded and transformed into cicatricial tissue. 


The pro- 
trusion may be primary or secondary in its development. 
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(a) A primary protrusion is produced in the following way: After 
perforation of the cornea has occurred, the iris becomes prolapsed and 
bulges forward. The cicatrization which follows, and which in favor- 
able cases produces flattening of the prolapse, is incapable in unfavor- 
able cases of doing away with the protrusion. On the contrary, the 
prolapsed iris stays protruded at the same time that it is gradually 
converted into cicatricial tissue ; it becomes consolidated while still in 
a position of protrusion (thus from the prolapse of iris in Fig. 38 is 
formed the staphyloma represented in Fig. 39). A total or partial 
staphyloma develops according as a total or partial prolapse of the iris 
has existed. The causes which oppose the conversion of a prolapse of 
the iris into a flat cicatrix and favor the formation of a staphyloma are 
chiefly two: large size of the perforation and improper behavior on the 
part of the patient. In very small perforations there is no develop- 
ment whatever of staphyloma; and as regards the second point, the 
chief factors to be considered are, in adults, great physical exertion ; 
in children, crying, and also squeezing together of the lids; and, 
in both, great straining at stool. The temporary increase of tension 
induced by this means distends the newly formed and yielding cica- 
tricial tissue; but as the latter has no elasticity, it does not return to 
its former dimensions after the elevation of tension has disappeared, 
but remains permanently protruded. 

(6) We speak of a secondary protrusion when a prolapse of the iris 
at first heals with the formation of a flat cicatrix, which latter after- 
ward bulges out again. ‘The cause of this is frequently supplied by 
the same injurious influences that have been enumerated above—e. g., 
by the too early resumption of work by a patient with a recently cica- 
trized corneal ulcer. The recent cicatrix is still too yielding to offer a 
proper resistance to the repeated though transitory elevations of intra- 
ocular pressure, and so becomes gradually distended. 

A staphyloma, accordingly, in its origin is not a bulging of the cor- 
neal tissue, but of the iris. It develops from a prolapse of the iris, which 
is converted into cicatricial tissue—that is, it develops just at the spot 
where the cornea no longer exists. It would therefore be more cor- 
rect to speak of staphyloma iridis. In fact, the transition from pro- 
lapse of iris to staphyloma is altogether gradual, so that at a certain 
stage of its development the protrusion in the eye may be equally well 
denoted as an old prolapse of the iris or as a recent staphyloma. 

Consequences of Staphyloma of the Cornea.—The sigit is always 
diminished. In total staphyloma it may be reduced to the mere ability 
to distinguish between light and darkness. In partial staphyloma the 
degree of sight depends upon the character of the part of the cornea 
that is still preserved, and also upon the position of the pupil. Even 
in the most favorable case, in which a part of the pupil happens still 
to lie behind perfectly transparent cornea, the sight is considerably 
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reduced by the irregular curvature which is present not only at the 
site of the staphyloma itself, but to a less degree over the whole cornea. 
Large staphylomata produce a very striking disfigurement. They also 
cause trouble by giving rise through mechanical irritation to catarrhal 
conditions of the conjunctiva, with increased secretion, lachrymation, 
etc. The closure of the lids is rendered difficult in the case of large 
staphylomata by the great size of the protrusion; the apex of the lat- 
ter, being but incompletely covered by the lids, becomes dry (xerotic), 
or becomes the site of ulcers (atheromatous ulcers). Sometimes the 
lids are forced so much apart by the staphyloma that ectropion de- 
velops. 

Among the most important consequences of staphyloma is the eleva- 
tion of tension, which ultimately takes place in most staphylomata, 
whether total or partial. This is the consequence, not the cause, of 
staphyloma, which usually develops under normal intra-ocular pressure 
and merely as the result of an insufficient power of resistance in the 
wall of the eyeball. Conical staphylomata predispose to the production 
of elevated tension more than do the spherical ones. In addition to 
the increase of pressure within the eyeball, perceptible to the touch, 
elevation of tension finds its chief expression in a diminution of 
sight, which finally ends in complete blindness. Pain, too, is some- 
times associated with the elevation of tension. As soon as the latter 
has made its appearance, it gives rise to further changes hoth in the 
staphyloma and also in the whole eyeball. Thin-walled staphylomata 
are made to protrude farther and farther by the heightened pressure, 
and thus suffer an increasing attenuation of their wall, until the latter, 
from some trifling cause, ruptures at some particularly yielding spot. 
Then the aqueous humor is discharged in great abundance, and the 
staphyloma collapses, becomes smaller, and remains so for some time. 
But the eyeball slowly fills again up to its former volume, and rupture 
takes place a second time. ‘Thus the process may be repeated a num- 
ber of times at pretty long intervals, until at length a time comes 
when perforation of the staphyloma is followed by profuse intra-ocular 
hemorrhage, or by severe irido-cyclitis or panophthalmitis. Then the 
eyeball undergoes atrophy, and by this means a sort of spontaneous 
cure of the staphyloma takes place. The scleral portion of the eyeball, 
too, when the elevation of tension has lasted a pretty long time, gives 
way and becomes distended, especially in young people in whom the 
sclera is more extensible. In this case we observe both total and partial 
ectasia of the sclera. In the former, the sclera becomes uniformly 
distended, the entire eyeball grows larger, and the sclera becomes 
so thin as to look bluish owing to the way in which the chorioidal 
pigment shines through it. In the second case, the sclera in the vicin- 
ity of the cornea bulges forward under the form of a circumscribed 
swelling, which appears dark from the pigment shining through it; 
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intercalary and ciliary staphylomata (see § 56) are developed. Very 
frequently general and partial ectasia of the sclera are found simultane- 
ously in the same eye, which may thus grow to an enormous size. 

49. Treatment.—Stress is chiefly to be laid upon prophylavis. The 
physician who has to treat an eye with prolapse of the iris must make 
every endeavor to secure the production of a flat cicatrix. He should 
not suffer a staphyloma to develop before his very eyes. In this con- 
nection, what has been said in regard to prolapse of the iris (page 149) 
may be consulted. When we have succeeded in effecting the formation 
of a flat cicatrix we must, while the latter is still recent, take measures 
to keep it from bulging out again. With this end in view we should 
refrain from discharging the patient too soon from treatment, and we 
must most urgently advise him to abstain for a long time from all 
severe physical exertion. It is often advisable before discharging the 
patient to perform an iridectomy, whenever this can be done, as by this 
means the subsequent development of an ectasis is most effectually 
counteracted. 

If we have to do with a staphyloma which has already developed, 
our treatment must have a different object in view, according as the 
case in hand is a total or a partial staphyloma. With the former the 
sight. is irreparably lost, since there is no transparent cornea left; we 
must hence confine ourselves to the relief of the symptoms produced 
by the staphyloma and also of the disfigurement. With partial staphy- 
lomata, our first aim is to improve whatever sight may be left, or at 
least to preserve it from further injury (by increase of tension). The 
methods which are employed for the cure of staphyloma are all of an 
operative character. 

(a) Total Staphyloma.—The simplest procedure is incision of the 
staphyloma. This is done with the expectation that as a consequence 
of it the staphyloma will collapse, and, because of the retraction of the 
cicatricial tissue of which it consists, will remain permanently flat. 
This procedure is evidently crowned with success only when the staphy- 
loma is thin-walled enough to collapse after the incision has been made ; 
it is, therefore, indicated only in those recent staphylomata which are 
still akin to prolapse of the iris. The incision is made by means of a 
cataract-knife. The section is made in various ways: either in a recti- 
linear direction and transversely across the middle of the staphyloma 
(Kiichler), or in a curved direction and concentrically with the lower 
corneal margin, so that a flap is formed of the wall of the staphyloma. 
The latter way of making the section has the advantage of causing a 
marked gaping of the wound, since the flap shortens in consequence of 
the retraction of the cicatricial tissue. Consequently, the lips of the 
wound are prevented from rapidly reuniting, in which case the ectasis 
would soon be reproduced and the incision would have to be repeated. 
If the wound in the flap should not gape sufficiently, the Hap must be 
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shortened by the removal of a part of it. After the completion of the 
section, the lens, in case it is still in the eye, must be removed by lacerat- 
ing the anterior capsule. 

Simple ablation of the staphyloma, after the method of Beer, is 
performed by first separating the lower half of the staphyloma from 
its base by a curved incision made with the cataract-knife. The flap 
thus formed is grasped with the forceps, and then the upper half of 
the staphyloma is cut off from its base by means of the scissors. The 
lens, which now presents, is removed by opening the capsule. The gap 
which has been substituted for the staphyloma by the operation gradu- 
ally becomes closed by means of a firm, flat cicatrix. Beer’s method is 
suitable for old staphylomata with thick walls. It must be mentioned 
as one of the disadvantages of the operation, that the after-treatment 
lasts a long time, and requires special caution on the part of the patient. 
Even in the operation of simple incision, but still more in that of abla- 
tion, an opening is produced in the anterior wall of the eyeball, in 
which opening, after the lens has been removed, the vitreous presents. 
This is kept back only by the very bulging and tense hyaloid mem- 
brane; and if the latter ruptures, as generally happens, a part of the 
vitreous flows off. A moderate loss of vitreous has no bad result; but 
if the escape of vitreous is very profuse, violent hemorrhage may ensue 
from the interior of the eye. Moreover, the vitreous that hangs out of 
the wound may become infected by the secretion of the conjunctiva, 
and thus panophthalmitis may develop. In order, if possible, to avoid 
the rupture of the hyaloid membrane, or at least any considerable escape 
of vitreous, great quiet on the part of the patient (rest in bed and 
avoidance of any bodily exertion) is requisite for quite a long time 
after the operation. For this reason, in the case of those patients of 
whom a quiet behavior is not to be expected (so especially in children), 
ablation had better be conducted according to other methods, in which 
the opening produced by the ablation is closed by a suture, and the 
vitreous is thus held back in the eye. 

Ablation with the subsequent application of a suture may be done 
in two ways, the suture being carried either through the borders of the 
staphyloma or through the conjunctiva (De Wecker). In the former 
case, we leave, when performing ablation of the staphyloma, a some- 
what broader rim above and below, through which we pass the sutures ; 
after the removal of the lens the sutures are tied, and thus the upper is 
united to the lower lip of the wound. In the second case, at the be- 
ginning of the operation we divide the conjunctiva all round the lim- 
bus and separate it for some little distance from the subjacent sclera, 
so that it can be drawn forward to the proper extent. Then we pass 
the threads through the free ends of the conjunctiva. We draw through 
its upper and lower margin a number of vertical threads, which subse- 
quently are tied so as to form interrupted sutures. Before the sutures 
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are drawn tight, we ablate the staphyloma as in Beer’s methods, and 
expel the lens from the eye. Then we close the conjunctival wound 
by knotting the sutures. We may also apply the suture by passing a 
single thread in and out all round the margin of the detached conjunc- 
tiva, in such a way that the two ends of the thread come out close 
by each other, and, when they are knotted together, constrict the con- 
juuctiva after the manner of a tobacco-bag (tobacco-bag suture). In 
this case, too, the ablation of the staphyloma and the delivery of the 
lens are not done until after the thread has been passed through the 
conjunctiva. For, after the removal of the lens, there is imminent 
danger of the expulsion of the vitreous, and hence we ought not to be 
losing time in applying sutures, but, on the contrary, should have it in 
our power to close the wound promptly by tying a thread that has 
been already passed. 

Ablation with the application of a suture is, like simple ablation, 
suitable for all cases of old staphylomata with thick walls, for which 
incision alone would not be sufficient. It has the advantage over sim- 
ple ablation of requiring a less troublesome after-treatment. 

Those cases of staphyloma of the cornea in which an increase of 
tension and secondarily an ectasis of the sclera have developed, are in 
general not adapted for ablation. We should then run the risk of get- 
ting a violent hemorrhage in consequence of the sudden diminution of 
the previously increased tension. For such cases, in which the eyeball is 
increased sometimes to quite an enormous size, the only thing feasible 
is enucleation, which relieves the troublesome symptoms and at the 
same time also the disfigurement, inasmuch as an artificial eye can 
then be worn in place of the hideous, enlarged eyeball. For the method 
of performing enucleation, see the section on operations (§ 166). 

(b) Partial Staphyloma.—tn this, treatment seeks a threefold ob- 
ject: to improve the sight, to cause flattening of the ectasis, and to 
prevent the development of an increase of tension, or to do away with 
it in case it has already set in. 

Simple incision, which must be followed up by the application of a 
pressure bandage for a pretty long time, accomplishes its end only in 
recent staphylomata, the walls of which are still thin. In older and 
thicker cicatrices, excision, with or without the operation of uniting 
the edges of the wound by sutures, is to be preferred. But the most 
approved remedy that we possess against ectatic cicatrices is tridectomy. 
This should be performed in such a way that the incision lies in the 
sclera and a broad coloboma is produced, reaching to the margin of 
the iris. We do not select for iridectomy that part of the iris which 
is drawn into the cicatrix, as we might do with the idea of relieving in 
this way the incarceration of the iris; an iridectomy at this spot would 
on technical grounds be very difficult of performance, and often would 
turn out to be imperfect. We try rather to find for our iridectomy that 
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spot which corresponds to the greatest improvement that can be made 
in the vision, the pupil being shifted to a point behind the most trans- 
parent part of the cornea. Furthermore, by means of the iridectomy, 
an increase in tension is prevented from developing, or, if it has already 
developed, it is done away with. Moreover, in cases of staphylomata 
with thin walls, a flattening of the ectasis is obtained by the iridectomy, 
if the eye is kept beneath a pressure bandage for a long time after the 
operation. In thick-walled and unyielding staphylomata, it is advis- 
able to combine excision with iridectomy. We begin by doing the 
former, and put off the iridectomy to some weeks later, when the forma- 
tion of a flat cicatrix has taken place—doing this in order to prevent 
the renewed bulging of the freshly formed cicatrix. 

If we have to do with a partial staphyloma in which, owing to the 
increase in tension, the sight has been already either in great part or 
altogether annihilated, no gain in this regard can be expected. Never- 
theless, it will be advisable to perform an iridectomy in most cases in 
order to prevent the further consequences of the increased tension, 
such as partial ectasis of the sclera, enlargement of the entire eyeball, 
etc. Of course, iridectomy can be performed in such cases only so long 
as the anterior chamber is still existent. As soon as the iris, in conse- 
quence of the increased tension, has been squeezed against the posterior 
surface of the cornea and has become cemented to it, the performance 
of iridectomy has become technically impossible. 

It can not be denied that, in spite of the therapeutic means at our 
command, the cicatrix in many cases keeps constantly bulging anew, 
the increase in tension returns each time, and thus the eye slowly but 
inevitably goes blind. 


ANATOMY OF STAPHYLOMA OF THE CoRNEA.—The wall of the staphyloma 
consists of a dense, tough cicatricial tissue, which is traversed by a few vessels, 
and often contains pigment imbedded in it. The thickness of the wall differs 
greatly; it varies from the thickness of a sheet of paper to a thickness three 
times as great as that of the normal cornea, and more. Very thick staphylo- 
mata are often as hard as cartilage, and when ablation is performed can scarcely 
be cut through. Thick and thin spots frequently occur in the wall of the same 
staphyloma (Fig. 89). The anterior surface of the staphyloma is covered by a 
thick, irregular layer of epithelium, sometimes containing epithelial pearls. 
The posterior surface is frequently uneven, on account of the inequality in thick- 
ness of the wall. It is covered by a coating of black pigment (7, Fig. 39), 
which is nothing but the retinal pigment-layer of the iris. As, however, this 
has to be distributed over such a large surface, it is rarefied, so that the epi- 
thelial coating shows numerous gaps, and in the center of the staphyloma, cor- 
responding to what was once the pupil, it is often entirely wanting. Through 
staphylomata with thin walls light can be passed by means of focal illumina- 
tion, and in this way the pigment-layer can be demonstrated in the living eye. 
It is easy to see why Bowman’s membrane should be wanting on the anterior 
surface of the staphyloma, and Descemet’s membrane on its posterior surface, 
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since the staphyloma is not cicatrized cornea, but is iris, and corresponds to a 
spot at which the cornea has been destroyed. It is only at the outlying parts 
and the edges of the staphyloma, which are formed of the remains of the cor- 
nea, that both these membranes can still be demonstrated. This is especially 
true of a conical staphyloma, in which the adjacent portions of the cornea are 
extensively involved in the ectasis. In total staphyloma the iris may be want- 
ing altogether, being completely consumed in the formation of the staphyloma 
(Fig. 39). In other cases a narrow rim of iris is present at the periphery, corre- 
sponding to the persistent marginal portion of the cornea. In that case the 
iris is generally closely applied to the cornea, and is so atrophic as to be re- 
duced almost to its pigment-layer. In partial staphyloma, perfect application 
of the iris to the cornea is found only in those cases in which the entire pupil- 
lary margin of the iris has become involved in the cicatrix; the separation of 
the anterior from the posterior chamber, that is thus produced, causing the iris 
to be pushed forward up to the cornea. 

As the anterior chamber becomes shallower the posterior becomes deeper; 
in total staphylomata, the whole large space between the posterior surface of 
the staphyloma and the lens is to be looked upon as the posterior chamber 
(h, Fig. 89). The ciliary body suffers mainly on account of the increase in ten- 
sion, which causes it to atrophy, especially if an ectasis of the sclera develops 
in the ciliary region (staphyloma ciliare). Furthermore, the ciliary processes 
are sometimes very strongly pulled upon by the fibers of the zonula, and are 
thus elongated (c, Fig. 39). 

The lens very frequently suffers changes in the case of staphylomata. In 
total staphylomata it is often entirely wanting, because it has been discharged 
from the eye through the pupil at the time when a large perforation existed. 
If the lens is still present it frequently shows alterations of position, being 
placed obliquely in consequence of the unequal bulging of the staphyloma. 
Sometimes we find it partially adherent to the staphyloma, or it vibrates with 
the movements of the eye, because of the atrophy of the stretched zonula of 
Zinn. These alterations in the lens favor the development of an increase in 
tension; for this reason, after performing incision or ablation of the staphy- 
loma, we remove the lens from the eye. Very frequently the lens is rendered 
opaque either in toto or only at its anterior pole (anterior polar cataract, P, Fig. 
39). In some few cases we may find the lens greatly diminished in size, or even 
shrunken into a mere membrane. 

The deeper parts of the eye also suffer from the increase in tension. Exca- 
vation of the optic nerve, atrophy of the retina and chorioid, and fluidity of the 
vitreous may develop. 

With respect to the inerease of tension in staphyloma, we not infrequently 
meet with the view that in it resides the cause of the staphylomatous protru- 
sion. But this is true for only a very small number of cases. Generally it hap- 
pens contrariwise, that the increase of tension is nothing but the consequence 
of the ectasis. The latter, in fact, takes place when there is a normal intra- 
ocular tension, which the thinned anterior wall of the eyeball is unable to 
resist, because it consists merely of iris or of new and yielding cicatricial tissue. 
The exaltations of tension that do occur are at best transient, being produced 
by bodily exertion, strong pressure, screwing together of the lids, ete. But 
these must be strongly differentiated from a pathological increase in tension, 
not only because they are of but short duration, but mainly because they occur 
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under similar circumstances even in the normal eye and are tolerated with im- 
punity. The permanent increase in tension (so-called secondary glaucoma) 
which we so frequently find in staphylomatous eyes is hence, with but few ex- 
ceptions, to be regarded as the consequence and not the cause of the staphy- 
loma. 

As arule, the increase of tension resulting from staphyloma develops quite 
gradually. But sometimes protrusion of the cicatrix and increase of tension 
take place simultaneously and in a sudden fashion, as the following example 
may illustrate: A person has had an abscess of the cornea, which has destroyed 
the latter in its central part. Under suitable treatment the prolapsed iris is in 
process of transformation into a flat cicatrix. Then, one morning the patient 
complains of violent pain which has suddenly developed in the eye. After re- 
moving the bandage we find the eye, which the day before was almost free 
from irritation, now the seat of a dusky ciliary injection. The cicatrix is bulged 
forward in the form of a cone, the anterior chamber is very shallow, or is aito- 
gether done away with, by the iris being pressed against the cornea, which lat- 
ter looks dull. Small hemorrhages are visible in the cicatrix or in the anterior 
chamber. The eye is hard, and very sensitive to the touch. An external cause 
for this sudden change in the course of healing is generally not discoverable. 

In what way does the presence of a staphyloma lead to an increase of ten- 
sion? In those cases in which the entire pupillary border of the iris is impli- 
cated in the staphyloma (that is, in all total and many partial staphylomata), 
the increase in tension can readily be accounted for by the closure of the pupil 
(seclusio pupille, see § 69). But for those cases of partial staphyloma in which 
a part of the pupil remains free, it has been impossible to give any thoroughly 
satisfactory explanation of the increase in tension, Some regard as the cause 
of it the strain to which the iris is subjected. The resulting irritation of the 
iris and of the ciliary body is assumed to give rise to an increased excretion of 
the fluids of the eye. The strain upon the iris results from its being stretched 
between two points: its point of attachment to the sclera, on the one hand, and 
the cicatrix to which it is adherent, on the other. In proportion as the cicatrix 
bulges forward and thus gets its apex farther and farther removed from the cor- 
neal margin, the more is the iris put upon the stretch. Arlt from this principle 
endeavored to explain why conical staphyloma entails an increase of tension 
much more frequently than the spherical variety. The latter is formed whenever 
the margins of the perforation shelve off abruptly, so that the cornea even in 
the immediate neighborhood of the aperture has its normal thickness. If now 
the prolapsed iris protrudes, the adjacent corneal tissue takes no part in the pro- 
cess. The margins of the prolapse rise at right angles to the adjacent cornea, 
and thus a spherical staphyloma is formed (Fig. 39). In such a case, the cornea 
surrounding the staphyloma is not prolonged forward at the time the latter is 
formed nor afterward either; the iris which lies behind this portion of the cornea 
is subjected to no strain, because it is fixed to the margin of the perforation, and 
hence the danger of an increase of the tension is here comparatively slight. If 
it does occur, it is effected not by the strain upon the iris but by the complete 
inclusion in the cicatrix of the pupillary margin of the iris and the resulting 
seclusio pupille. A conical staphyloma is the consequence of an extensive ulcer 
which has broken through in a limited portion of its area only. The margins of 
the aperture hence slope gradually toward the latter, and on account of their thin- 
ness become pressed forward at the same time as the prolapsed iris. The fully 
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developed ectasis, therefore, consists only in its central portion of the old prolapse 
of the iris; its outer slope is in great part formed by the thinned-out cornea, For 
this reason the ectasis does not rise directly from the cornea, but makes a very 
gradual ascent from the margin of the latter, so that a conical form is thus 
given to it. In this case, not only the prolapsed iris but also the adjacent cor- 
nea, wherever it is involved in the ectasis, is subjected to a process of stretching ; 
and, as the iris is adherent to the cornea at the margin of the perforation, it is 
stretched along with the cornea, and can thus give rise to an increase in tension. 
(Opposed to the idea of a strain upon the iris being the cause of an increase in 
tension is the fact that we do, though rarely, observe cases in which an ectatic 
cicatrix of the cornea unassociated with involvement of the iris entails all the 
same an increase in tension.) Others call in the displacement of the sinus of 
the anterior chamber to account for the increase of tension (see § 85); for at 
those spots at which the iris is involved in the cicatrix it is drawn well for- 
ward, and is consequently applied by its periphery to the anterior border of the 
sclera and to the adjacent cornea, and closes in the angle of the anterior cham- 
ber. This explanation is always to be adopted for those cases in which, on ac- 
count of an involvement of the whole pupillary margin, seclusio pupille is 
present. In this case the iris is everywhere driven forward by the accumulation 
of aqueous humor in the posterior chamber, and the sinus of the anterior cham- 
ber is thus obliterated all round the circumference. 


2. RKeratectasia. 


50. By keratectasia we understand a protrusion of the cornea, which 
makes its appearance after inflammation of the latter, without, how- 
ever, any perforation haying taken place. The protrusion, therefore, 
in this case consists of corneal tissue, in contradistinction to staphylo- 
mata, in which it is formed of the tissue of the iris. From ectasie of 
the cornea of non-inflammatory origin—i. e., keratoconus and kerato- 
globus—the inflammatory ectasia of the cornea is distinguished by the 
fact that the bulging portion of the cornea, in consequence of the in- 
flammation, is opaque. 

Inflammation produces protrusion of the cornea by thinning it or 
by softening it. It produces protrusion by thinning in those cases in 
which an ulcer of the cornea has destroyed the superficial lamellee of 
the latter to such an extent that the posterior lamell are no longer able 
by themselves to offer resistance to the intra-ocular pressure (keratectasia 
ex ulcere, Fig. 40). If all the layers as far as the membrane of Des- 
cemet have been destroyed, a hernia of this membrane (keratocele) is 
produced, which may cicatrize in this ectatic form. In this case this 
hernia persists as a perfectly transparent vesicle which projects above 
the surface of the cornea, and which is surrounded by an opaque cica- 
tricial ring. 

Ectasis of the cornea may also take place because of a softening 
that results from inflammation. Under this head belong the ‘eratec- 
tasia e panno, which develops when a thick pannus penetrates pretty 
deeply into the cornea proper, and the keratectasia following paren- 
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chymatous keratitis. In these cases the cornea protrudes as a whole 
and uniformly, while in keratectasia ex ulcere it is generally only a 
local protrusion that exists. 

A consequence common to all inflammatory ectasiz of the cornea is 
that the protruding portions have very little power of regaining their 
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Fic. 40.—KERATECTASIA EX ULCERE. MAGNIFIED 25x1. 


The thinned and bulging cicatrix, N, is distinguished from the surrounding normal cornea by 
its denser structure. The epithelium, e, over it is thickened, while Bowman’s membrane, b, 
is wanting in this spot. On the other hand, Descemet’s membrane, d, along with its epithe- 
lium, is every where present—a proof that the ulcer has not perforated. 


transparency. Accordingly, the prognosis for vision in pannus, kera- 
titis parenchymatosa, etc., must be regarded as essentially more un- 
favorable as soon as protrusion of the cornea shows itself. In com- 
parison with the marked opacity of the bulging cornea, the alteration 
of curvature and the resulting alteration of refraction of the eye are 
of little account. Sometimes keratectasia is followed by increase of 
tension. 

Treatment is powerless against a fully developed keratectasia ; it is 
attended with success only when there is a question of combating a 
protrusion that is in process of development. The means suited for 
this latter purpose are repeated punctures of the cornea with the sub- 
sequent application of a pressure-bandage, and iridectomy. Very small 
ectasiz, as, for example, small keratoceles, we may perforate with a 
cautery-point and then induce the formation of a flat cicatrix by the 
long-continued application of a pressure-bandage. 


3. HNeratoconus. 


51, Symptoms and Course.—In keratoconus, the central part of the 
cornea very gradually and without inflammatory symptoms begins to 
bulge forward in the form of a cone. At first the cornea is perfectly 
transparent, and its peripheral portions keep their normal curvature. 
Accordingly, the bulging forward of the center of the cornea, as long as 
it has not advanced too far, is only recognized by the diminution in 
size which the corneal reflex undergoes in the central part of the cor- 
nea. In the subsequent course of the disease the bulging of the center 
constantly increases, and the peripheral parts of the cornea are also in- 
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volved in the conical projection, so that we can perceive the conical 
shape of the cornea at once, especially upon taking a lateral view of 
the eye. Last of all, the apex of the cone becomes opaque and uneven 
in surface. 

To the patient the disease makes itself apparent only by the dis- 
turbance of vision. The eye becomes apparently myopic, so that all 
objects have to be brought up very close. Nevertheless, perfectly sharp 
vision is not attainable by means of spherical concave glasses, because 
the bulging of the cornea is not spherical, but conical (hyperbolic). 
By the development of the opacity at the apex of the cone the visual 
power is, of course, still further depressed. 

Keratoconus is a rare disease, which, as a rule, affects both eyes. It 
begins for the most part between the twelfth and the twentieth year, 
develops very gradually in the course of years to the height above de- 
scribed, and ultimately, sooner or later, comes to a standstill. A sub- 
sidence of the ectasis is not observed ; but ulceration or rupture of the 
cornea is not observed either. Nor does increase in tension, which so 
frequently develops in inflammatory ectasie of the cornea, occur. 

The cause of the protrusion lies in a progressive thinning of the 
central portion of the cornea, which consequently give way before the in- 
tra-ocular pressure. By what means this thinning is produced is un- 
known. 

Treatment can point to but slight results in this disease. In recent 
cases that have not yet gone too far, we may try to put a stop to the 
process by thorough protection of the eye, by general corroborative 
measures, and by the long-continued instillation of a miotic (eserine or 
pilocarpine). The marked contraction of the pupil thus produced 
lowers the tension in the anterior chamber, and thus lessens the burden 
imposed upon the attenuated cornea. A few cases have been thus put 
a stop to (Arlt); alike result may perhaps also be attained by iridec- 
tomy. Finally, a series of methods aims at the substitution of a resist- 
ant cicatrix for the attenuated apex of the cone. For this purpose the 
latter is destroyed by excision or by cauterization, or by both combined. 
Since the corneal cicatrix thus obtained lies directly in front of the 
pupil, a displacement of the pupil to one side by means of an iridectomy 
is afterward usually required. 


4, Keratoglobus. 

In keratoglobus, the cornea as a whole is larger than normal. It 
constitutes but one of the symptoms of a general enlargement of the 
eyeball, which belongs to hydrophthalmus (buphthalmus), for which 
reason reference must be made to the latter disease (§ 84) for its de- 
scription. 

By many authors the expression staphyloma corne@ is employed in a broader 
sense, and all ectasize of the cornea are designated under this name. In that 
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case a further division of the term is made by distinguishing the transparent 
ectasies of the cornea, keratoconus and keratoglobus, under the name of staphy- 
loma pellucidum, from cicatricial staphylomata and keratectasia. 

In keratoconus, the thinning of the cornea within the area of the conical pro- 
trusion can be demonstrated by the facility with which the apex of the cone 
can be dimpled by means of a sound. Anatomical examinations have also 
demonstrated that the cornea may be reduced in its center to a third of its 
normal thickness (Wagner, Hulke). A keratoconus of slight degree may be 
readily overlooked, since the cornea is perfectly transparent. The diagnosis, 
however, can be made even in the earlier stages, not only by examining the 
corneal reflex, but also by means of ophthalmoscopic examination. If we illumi- 
nate the pupil with the ophthalmoscope, we see in the red field of the former 
an annular shadow which is particularly dark at one spot; this spot changes 
with the movements of the mirror. In high degrees of keratoconus, in which 
the apex is already opaque, the distinction from a keratectasia following a cen- 
tral ulcer of the cornea is often very difficult. We must then take into consid- 
eration the condition of the other eye. In keratoconus we almost always find 
the second eye diseased as well, although not ordinarily to the same extent; 
while a central keratectasia could only by a rare accident be present at the same 
time in both eyes. 

Keratoconus affects the female more frequently than the male sex. Those 
attacked by it not only see worse in the line of direct vision, but their indirect 
vision is also impaired, since the rays which enter the eye through the side of 
the cone are very irregularly refracted. The consequence of this is faulty 
orientation in going about, such as is not present in simple myopia even of 
very high degree (Arlt). A moderate improvement of vision can generally be 
obtained by the use of strong concave spherical glasses, either alone or com- 
bined with concave cylinders. In many cases the hyperbolic glasses proposed 
by Raehlmann do good service. With these, the patient, to see clearly, must 
look just in line with the optical axis of the glass; they can not, therefore, be 
used for sidelong vision, and consequently not for going about. The same is 
true of the stenopeic slit, which, held in the patient’s hand close before his 
eye, facilitates the recognition of small objects, such as fine print. 


TUMORS OF THE CoRNEA. —Tumors which develop primarily in the cornea 
are among the greatest rarities; for the carcinomata and sarcomata which 
are observed upon the cornea do not originate there, but in the adjacent con- 
junctiva, and in fact generally in the limbus. These tumors have been already 
considered under the head of diseases of the conjunctiva; so also has been the 
dermoid, a congenital form of tumor, situated partly upon the cornea, partly 
in the conjunctiva. 


CHAPTER III. 


DISEASES OF THE SCLERA. 
ANATOMY. 


52. THE sclera,* together with the cornea, forms the fibrous enve- 
lope of the eye, the shape of which is nearly that of a sphere having 
a constriction corresponding to the base of the cornea. The mean 
diameter of this sphere (length of the axis of the eye) amounts to 
twenty-four millimetres. The sclera is thickest in the posterior seg- 
ment of the eyeball, where it has a thickness of about one millimetre. 
It gradually diminishes in thickness anteriorly, becoming, however, some- 
what thicker in the most anterior segment, because here the tendons of 
the recti muscles become fused with and reinforce it. 

The histological structure of the sclera is very similar to that of the 
cornea. ‘The sclera consists of fine fibrille of connective tissue, which 
are united into bundles. These run, generally speaking, in two direc- 
tions—from before backward (meridional fibers), and in a direction 
concentric with the margin of the cornea (circular or equatorial fibers). 
Between the bundles are found lymph-spaces which are in part lined 
with flat cells, thus forming an analogy with the system of lymph- 
spaces and the corneal corpuscles of the cornea. ‘The tissue of the 
sclera and of the cornea are hence very similar to each other, and, 
moreover, at the corneal margin pass into each other without any 
sharp line of demarkation. They are chiefly distinguished by the ar- 
rangement of the bundles of fibers, which is much more regular in 
the cornea than in the sclera. 

The sclera also contains branched pigment-cells, which for the most 
part are met with only in its deep layers and also along the vessels and 
nerves which traverse it. In the living eye we often perceive the pig- 
ment in the spots where the anterior ciliary veins emerge from the sclera, 
these spots appearing as small brown points upon the white membrane. 
Sometimes we find in the human eye larger, slate-colored or light-vio- 
let spots upon the sclera due to an abnormal pigmentation. Such pig- 
mentation as this is the rule in many animals. If the sclera is thin, 
the pigment of the subjacent chorioid is seen as a dark substance shin- 
ing through it. In this case, which occurs especially in children, the 
white of the eye has a bluish tint, like thin white porcelain. 


* From oxaAnpés, hard. 
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The sclera is traversed by vessels and nerves which penetrate into 
the interior of the eye, but has itself very few vessels. On the other 
hand, there are numerous vessels contained in the so-called episcleral 
tissue, that loose connective tissue which envelops the sclera and in the 
anterior segment of the eye attaches the conjunctiva to it. In the pos- 
terior segment of the eye the optic nerve passes through the sclera, 
which here apparently has an aperture for the passage of the nerve 
(foramen sclerz). In reality, however, the inner layers of the sclera 
are continued as the lamina cribrosa through the foramen sclere (Fig. 
9; for more precise particulars, see § 101). 


J]. INFLAMMATION OF THE SCLERA. 


53, Inflammation of the sclera (scleritis), which belongs among the 
rarer affections of the eye, is always limited to the auterior segment 
of the sclera, lying between the equator of the eyeball and the margin 
of the cornea. It sometimes affects only the superficial layers of the 
sclera, sometimes the deep layers also. In the first case the disease 
runs its course without entailing any injury upon the eye; but in the 
second case it is dangerous to the sight, inasmuch as the inflammation 
passes from the sclera to the other membranes of the eye. It is hence 
of practical importance to distinguish between a superficial and a deep 
form of the disease (episcleritis and scleritis of authors). 


(a) Superficial Form of Scleritis (Episcleritis). 

This form makes its appearance as a localized inflammation, a cir- 
cumscribed inflammatory nodule forming in the sclera. At the affected 
spot the sclera, owing to the deposition of exudate, bulges out in the 
form of a boss, so that a prominence which is sometimes flat, sometimes 
more acute, and which may reach or surpass the size of a lentil, is found 
here. ‘This is traversed by vessels which, because deeply situated (epi- 
scleral), are violet in color; and it is immovably attached to the sclera, 
while the conjunctiva, though to be sure injected, can be moved about 
freely. The nodule feels hard, and is sometimes very sensitive to the 
touch. Except at the site of the nodule the eye may be perfectly free 
from injection. The subjective disturbances vary greatly ; frequently 
the disease is associated with but slight discomfort for the patient, while 
in other cases very violent pain is present, which for a long time de- 
prives the patient of sleep. 

In the subsequent course of the disease disintegration and ulcera- 
tion of the nodules never occur; on the contrary, they always disap- 
pear by resorption. After the inflammation has remained at its acme 
for some weeks, the nodule gradually flattens, becomes paler, and at 
length disappears completely, after lasting altogether from four to eight 
weeks. Sometimes it leaves no trace behind it; more frequently, how- 
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ever, at the spot where it was situated a slate-colored spot is left, and 
in its place the sclera appears somewhat depressed and the conjunctiva 
is closely adherent to it (cicatrix in the sclera). In other respects the 
eye experiences no after-injury from the inflammation. 

Scleritis is an eminently chronic disease, since it has the peculiarity 
of recurring very often. As soon as the first nodule has disappeared— 
or even earlier—a second one appears upon another portion of the 
sclera. Sometimes the disease does not cease until nodules have devel- 
oped, one after another, in the entire circumcorneal space, and at length 
a zone of gray discoloration is visible entirely surrounding the cornea. 
By this time the disease has exhausted itself, since a new nodule 
does not generally develop in the spot where another was situated 
before. But, before it has gone as far as this, several years may have 
elapsed, during which the patient with but short interruptions is an- 
noyed by attacks of inflammation. In addition to this the disease very 
frequently attacks both eyes. The prognosis of the superficial form of 
scleritis is hence unfavorable in respect to the duration of the disease ; 
while with regard to the final outcome it must be stated as favorable, 
because the capacity of the eye for vision suffers no impairment, even 
if the process lasts a long time. 

Superficial scleritis occurs, as a rule, only in adults, and especially 
in elderly people. In some cases it appears to be connected with rheu- 
matic or gouty affections; in others its origin is obscure. Treatment 
avails but little against it. Weare able to ameliorate the symptoms 
and accelerate somewhat the subsidence of the nodules, without having 
it in our power to prevent the recurrences. Sodium salicylate is given 
internally, if there are any grounds for the assumption of a rheumatic 
origin for the disease; otherwise, diaphoretic methods of treatment, 
derivative remedies in the shape of mildly purgative mineral waters, 
iodide of potassium, etc., may be recommended. As regards local 
remedies, we may try to produce more rapid subsidence by means of 
massage (Pagenstecher). Fat, either without addition or under the 
form of the yellow-precipitate ointment, is introduced into the conjunc- 
tival sac, and the nodule, which can be felt through the lid, is then 
rubbed and squeezed through the lid by means of the fingers. If the 
disease is associated with violent pain, we may employ moist and warm 
compresses, atropine, and local blood-letting (six to ten leeches upon 
the temple) in addition to the massage; the latter procedure, indeed, 
in these cases frequently can not be performed because the nodule is 
too painful. In this event scarification of the nodule (Adamiick) or 
scraping with the sharp spoon (Schéler) has been recommended. 


(b) Deep Forms of Scleritis. 
In this form, too, a swelling of the sclera exists, which may make 
its appearance under the form of isolated prominences, but which more 
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frequently is not so sharply circumscribed. In the latter case the 
sclera shows an extensive bluish-red injection, sometimes covering the 
whole circumcorneal region, and a more uniform swelling not com- 
posed of isolated prominences. But the deep is distinguished from 
the superficial form most of all by the course of the inflammation and 
by its being communicated to other parts of the eye. 

The inflammation in the sclera in this case also does not lead to dis- 
integration of the inflammatory products, but to their disappearance by 
resorption with the formation of a residual dark-colored cicatrix. In 
the mean time, however, the sclera has been undergoing considerable 
attenuation at the site of the cicatrix, so that it is no longer able to 
offer resistance to the intra-ocular pressure, even though this does not 
exceed its normal amount. Hence ectasis of the diseased spot occurs. 
This makes its appearance under two forms—either as simple enlarge- 
ment of the surface, or as a gibbous protrusion of the thinned-out por- 
tions of the sclera. In the former case the entire circumcorneal zone 
of the sclera, which has been colored gray by the scleritis, becomes 
constantly more and more dilated. Consequently, the cornea, together 
with the adjacent portions of the sclera, projects farther forward, so 
that the eyeball becomes elongated in the sagittal direction and pyri- 
form. In the second case, on the contrary, a circumscribed protrusion 
of the thinned-out spots, raising them above the level of the healthy 
sclera, is produced, so that there are seen rising about the cornea a num- 
ber of humps, which, because of their thin walls, show the dark pigment 
shining through. As these are comprised in the region of the ciliary 
body, they are called ciliary staphylomata. In both varieties of ectasis 
there generally occur subsequent elevation of tension, general enlarge- 
ment of the eye, and finally complete blindness. 

Complications affecting other portions of the eye are likewise a 
peculiarity of the deep form of scleritis. They affect both cornea and 
uvea. In the cornea, infiltrates, deeply situated, develop, which do not 
break down into pus but become absorbed again, leaving a permanent 
opacity (sclerosing keratitis, see page 182). In the iris we find the 
signs of iritis, mainly under the guise of posterior synechiew and even 
of occlusio pupille, but never of hypopyon. In the chorioid, the in- 
flammation affects chiefly its most anterior portion, and causes injury 
to vision chiefly through the accompanying opacities in the vitreous. 
So in this form of scleritis almost all parts of the eye suffer; and for 
this reason it must be looked upon as much more dangerous than the 
superficial form. : 

Deep scleritis almost always affects both eyes, and, as treatment is 
unable to arrest it, is prolonged over a course of years. It leads to the 
formation of dense corneal opacities, to seclusio pupille with its baneful 
consequences, to opacities of the lens and vitreous, to myopia of high 
degree due to the elongation of the axis of the eye, and finally to eleva- 
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tion of tension due to the ectasiw in the sclera. Hence the disease always 
ends by producing great impairment or even complete loss of sight. 

The deep form, in opposition to the superficial variety, mainly affects 
young people (but not children). It is often found in conjunction 
with the signs of scrofula, tuberculosis, or hereditary syphilis. In the 
female sex, which is more frequently attacked than the male by this 
disease, disturbances of menstruation appear to furnish the exciting 
cause. 


Treatment has very little power over deep scleritis. It has first of 
all to combat any constitutional affection that may lie at the root of 
the disease, and for this purpose the preparations of iodine (iodide of 
potassium, iodide of iron, iodureted mineral waters), or, in case of the 
disturbances of menstruation, the preparations of iron are employed. 
As concerns the eye itself, the inflammation of the cornea and iris must 
be treated in the appropriate way. In the subsequent course of the dis- 
ease iridectomy is frequently required, either for optical reasons, to 
place the pupil behind that part of the cornea that is still transparent, 
or to prevent the elevation of tension which may be excited by the 
seclusio pupille or by the ectasiz of the sclera. Iridectomy, however, 
should, if possible, not be performed until after the subsidence of all 
inflammatory symptoms. 


The superficial and the deep variety of scleritis are not at all sharply dis- 
tinguished from each other, but show many transition.forms. We can not, in 
fact, see in the living eye how far the inflammation penetrates into the sclera. 
When we make the assumption that in the deep form the inflammation does 
extend more deeply, we have no direct proof of it; we can only infer this m- 
directly from the subsequent thinning of the sclera and from the spread of the 
inflammation to the subjacent uvea. In fact, many authors assume that the 
real starting-point of the inflammation in this form lies in the uvea, and they 
call it, therefore, sclero-chorioiditis or uveo-scleritis. All our views, however, 
in regard to the real location of the disease are of a purely hypothetical nature, 
since so far no accurate dissection of an eye affected with scleritis has been 
forthcoming. 

Scleritis in the well-marked cases is a very characteristic and easily recog- 
nizable disease. In light and abortive cases the diagnosis is sometimes diffi- 
cult. For instance, a scleritic nodule which is small and situated particularly 
close to the margin of the cornea, might be taken for an efflorescence of con- 
junctivitis lymphatica. The following characters may be regarded as distinc- 
tive: the scleritic nodule never actually lies in the limbus, and besides is not 
situated in the conjunctiva, but beneath it, so that the latter can be moved 
about over it. Lastly, the subsequent course will soon clear up the diagnosis, 
as the lymphatic nodule is converted by superficial disintegration into a con- 
junctival ulcer—a thing which never occurs with a scleritic nodule. 

In parenchymatous keratitis we sometimes find a coincident, slight but 
widely diffused, circumcorneal scleritis. Isolated nodules are sometimes also 
observed in the sclera as a result of syphilis, but a typical recurrent scleritis 
never arises from this cause. 
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The gray spots left upon the sclera by the superficial form of scleritis are 
not ectatic, from which it may be concluded that in this casc, at any rate, the 
sclera is not much attenuated. But whether the dark coloration of these spots 
depends upon the subjacent chorioidal pigment which shines through the sclera, 
or whether a deposition of pigment has taken place in the sclera itself, has not 
so far been certainly determined. In the deep form of scleritis, the sclera in 
the zone directly adjoining the cornea is frequently of the luster of porcelain, 
and white with a tinge of violet (Arlt). 

Ectasie of the anterior segment of the sclera, developing as a result of deep 
scleritis, are accounted for upon essentially different grounds from ectasiz, 
which make their appearance in this region under other circumstances. Dis- 
tention of the anterior segment of the sclera (ciliary and intercalary staphylo- 
mata) is in most cases the consequence of an elevation of the intra-ocular press- 
ure, which, when lasting for a long time, forces the sclera which was originally 
normal to give way; the attenuation of the sclera is simply a result of its pro- 
trusion. In scleritis the facts are reversed. Here the primary event is the 
attenuation of the sclera; the latter, therefore, gives way, although the intra- 
ocular pressure is normal and remains so for a long time. ‘The elevation of 
tension, which finally makes its appearance in this case also, occurs only as a 
sequel to the ectasis. 


Il. INJURIES OF THE SCLERA. 


54, All traumatisms affecting the cornea and conjunctiva are also 
met with in the sclera. Injuries of the sclera are chiefly of importance 
when they perforate it completely. The fact that an injury of the 
eyeball is or is not associated with perforation of the tunics of the 
eye is of great significance, since every injury of the former kind, 
hewever insignificant otherwise, is to be regarded as very serious. 
The reason of this is that there is a possibility of an infection of the 
interior of the eye taking place at the same time as the perforation; 
but this almost always leads to a severe form of inflammation that is 
very destructive to the eye. ‘This is true for perforating wounds of the 
cornea as well as of the sclera, for which reason the statements made 
in the following pages may be applied to both. 

The most important symptoms of the presence of a perforation are: 

(a) The diminution of the intra-ocular tension. This symptom is 
particularly valuable in the case of small wounds in the sclera, which 
are concealed by the ecchymosed conjunctiva, and are hence not 
directly accessible to inspection. ‘The diminution of tension, of course, 
lasts only as long as the wound is open. 

(4) If the perforation has occurred in the region of the anterior 
chamber, the latter is shallower or altogether obliterated, until the 
wound closes. 

(c) In the case of somewhat larger wounds the prolapse of the 
subjacent structures gives evidence of the presence of a perforation. 
Most frequently it is the uvea which protrudes from the wound under 
the form of a darkly pigmented mass. According to the situation of 
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the wound, the prolapsed portion belongs to the iris, to the clulary body, 
or to the chorioid. If the uvea is ruptured, some vitreous is found 
hanging out of the wound. Very frequently, too, there are extravasa- 
tons of blood in the interior of the eye, which to be sure, often likewise 
occur in the case of non-perforating contusions of the eye. Blood ex- 
travasated into the anterior chamber generally sinks to the bottom of 
it soon after the occurrence of the injury, so that, like a hypopyon, it 
fills up the lowermost part of the chamber and is bounded above by a 
horizontal line (hkyphema*). Blood in the vitreous often makes itself 
evident by a reddish reflex from the pupil (hemophthalmus +). 

Perforating wounds of the sclera are distinguished into clean-cut 
and lacerated wounds. The former are produced by the penetration of 
sharp-pointed or sharp-edged foreign bodies; moreover, incised and 
punctured wounds, produced by accident, and also operation wounds, 
belong here. Lacerated wounds are most frequently the consequence 
of a rupture of the sclera. This is produced by the action of a blunt 
instrument upon the eye (contusion)—e. g., by a blow with the fist or 
with a cane, by the impact of large flying fragments of wood or metal, 
by a thrust from a cow’s, horn (not infrequent among farmers), by 
striking the eye against a projecting corner, etc. The rupture of the 
sclera is always curved, and lies near the corneal margin and concentric 
with it. Most ruptures are observed along the upper margin of the 
cornea. Asa rule, the process does not stop at laceration of the sclera, 
but the subjacent uvea also ruptures, and a part of the contents of the 
eye, most generally the lens, is expelled. The vitreous is seen hanging 
out of the wound; the iris, at a point corresponding to the site of the 
injury, is usually folded backward upon itself, so that at this point it 
appears to be wanting, and the eye often looks as if the portion of the 
iris in question had been removed by iridectomy (see § 74). Frequently 
the conjunctiva over the lacerated sclera, thanks to its great extensi- 
bility, remains uninjured. In this case the extruded lens is some- 
times found lying beneath the conjunctiva. 

The main thing of importance in determining the subsequent 
course of the injury is whether a foreign body has remained in the eye 
or not, since cases of the first sort run a much more serious course than 
those of the second. With the latter, the only thing to be considered 
is the mere healing of the wound; and the fate of the eye depends es- 
sentially wpon whether healing takes place with or without inflamma- 
tion. 

(a) Healing without inflammation is to be expected only in the case 
of clean, non-infected wounds. The most favorable conditions are pre- 
sented by clean incised or punctured wounds, such as, for instance, are 
made by operations, where at the same time care is taken that no foreign 


* From éméd, beneath, and aia, blood. + From aiua, blood, and dpéaruds, eye. 
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tissue, like uvea or vitreous, is introduced into the wound. But even 
if this latter should be the case, healing without inflammation is still 
possible, although the edges of the wound can not unite with each 
other directly, because they are not in contact. The tissue consisting 
of uvea or vitreous introduced between them is gradually converted 
into cicatricial tissue, and thus takes part in the definitive closure of 
the wound. It then, to be 
sure, always remains at- 
tached to the cicatrix, a 
thing which later on often 
entails evil consequences. 
In this way—i. e., by the in- 
terposition of a cicatricial 
tissue taking place between 
the edges of the wound 
without inflammation — 
even lacerated wounds, 
such as develop, for exam- 
ple, after rupture of the 
sclera, may, 1f the case 
runs a fortunate course, 
heal, so that the eye re- 
mains serviceable for vis- 
ion. We often observe 
that the scleral wounds, 
which le near the corneal 
margin and in which the 
iris or lens-capsule has be- 
come lodged, close imper- 
fectly, owing to the fact 
that, while the conjunctive 
does unite over the scleral 
wound, the latter remains 
open to a certain extent 


Fig. 41.—INcLusIoN OF THE IRIS WITH CyYSTOID CICATRI- 
ZATION AFTER THE EXTRACTION OF A SENILE CATA- 
RACT BY GRAEFE’S PERIPHERAL LINEAR SECTION. 
ENLARGEMENT 13x 1, 


The iris, J, extends from its origin in the ciliary body, C, 
to the inner aperture of the wound, so that here the 
anterior chamber is contracted into a narrow slit. 
The iris within the tract of the wound is folded upon 
itself, the point of flexion corresponding to the ex- 
terior surface of the sclera. The pupillary portion, 
P, of the iris, extends from the site of the constric- 
tion into the anterior chamber, where it lies free. 
On its anterior surface may be seep the entrance of 
a crypt, near its posterior surface the cross-section 
of the sphincter pupillee. Besides the iris, the cap- 
sule, k, of the lens, is also drawn up to the cicatrix, 
and has become adherent to it. The section by which 
the extraction was made cuts in two the line of junc- 
tion between the sclera, S. and the cornea, H, so that 
by its anterior half it lies in the sclera, by its posterior 
half in the cornea. On account of the interposition 
of the iris, the lips of the wound have not united ; in 


fact, the tract of the wound extends under the form 
of a cavity. h, even into the tissue of the conjunctiva 
of the limbus, Z, so that the wound is closed only by 
a very thin layer of tissue. 


because the interposed tis- 
sues prevent its lips from 
coming into direct contact. 


Through the gap aqueous 
humor constantly exudes beneath the conjunctiva, which either be- 
comes cedematous in the region of the cicatrix or is bulged out in 
the form of a circumscribed vesicle resembling a cyst. Following Von 
Graefe, we designate this condition as cystoid cicatrization (see page 
115). It is chiefly observed after operations (cataract extraction and 
iridectomy). 

(0) The healing of scleral wounds is often accompanied by violent 
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inflammation of the interior tunics. In most cases this owes its devel. 
opment to infection of the interior of the eye. Infection takes place 
either by means of the very body which causes the injury, it being cov- 
ered with dirt and thus conveying infectious germs, or secondarily 
from the fact that the opening in the envelope of the eyeball forms a 
point of entrance for germs, especially from the conjunctival sac. The 
interior of the eye is uncommonly susceptible of infection, since it 
affords a good medium for the cultivation of different kinds of Schizo- 
mycetes. The inflammatory process mainly affects the uvea. In the 
acutest cases there is a purulent inflammation of the latter, which leads 
to suppuration of the whole eye (panophthalmitis). In the less violent 
cases there is a plastic irido-cyclitis—i. e., the inflammation of the iris 
and ciliary body produces an exudate which subsequently becomes organ- 
ized into a false membrane. In this case, too, the eye is generally lost, 
although it is not destroyed in such a violent fashion as in panophthal- 
mitis, but by a process of protracted inflammation. The exudates 
which undergo organization shrink and thus gradually diminish the 
size of the eyeball (atrophy of the eyeball). This outcome of an injury 
is even more dangerous for the patient than panophthalmitis, since in 
the former case sympathetic inflammation pf the other eye very fre- 
quently sets in, which is not the case in panophthalmitis. 

55. Foreign Bodies in the Eye.—The presence of a foreign body in 
the interior of the eye converts every injury, be it ever so insignificant 
otherwise, into a serious lesion, which, in most cases, entails the de- 
struction of the eye. Hence in every injury attended with perforation 
we must at once propound the query whether or not there is a foreign 
body left in the eye. In most cases the history of the case itself sup- 
plies points important for the determination of this fact. If, for in- 
stance, a person has run a pair of scissors into his eye, we would natu- 
rally suppose that there was no foreign body there; conversely, in the 
case of a man who has had a perforating injury of the eye produced by 
the explosion of a percussion-cap, or while he was hammering iron, 
the presence of a foreign body in the eye is extremely probable. The 
character of the foreign bodies in question varies exceedingly. Most 
commonly we have to do with fine splinters, the points and sharp edges 
of which enable them to penetrate the sclera, In this category belong 
chiefly splinters of metal, splinters of glass, and fragments of stone— 
less commonly bits of wood, etc. The foreign body may be situated in 
any part of the eye; indeed, if it has sufficient projectile force, it may 
even, after traversing the entire eyeball, perforate the sclera a second 
time on the opposite side, and penetrate into the tissues of the orbit. 
The precise determination of the place in which a foreign body is 
located within the eye is generally attended with great difficulties. 
As arule, it is only during the time immediately succeeding the injury 
that it is possible to see the foreign body directly, although even then 
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inspection of the interior of the eye is often rendered impossible by 
the presence of hemorrhages. Subsequently, the difficulty of this in- 
spection is still further heightened by the cloudiness which soon de- 
velops in the media and by the exudates which envelop the foreign 
body and render it indistinguishable. One is often driven to conject- 
ures with regard to the location of the foreign body—conjectures based 
upon the direction pursued by the body in its flight, the situation of 
the aperture by which it entered, the sensitiveness of certain portions 
of the eye to touch, the presence of a circumscribed obscuration (sco- 
toma) in the field of vision, etc. 

The consequences entailed by the presence of a foreign body in its 
interior almost always induce the destruction of the eye. It is only in 
rare instances that a foreign body is tolerated for any length of time in 
the eye without setting up inflammation, the body itself either remain- 
ing free or becoming encapsulated in an organized exudate. But even 
such eyes as these are by no means secure from a sudden outbreak 
of inflammation—occurring sometimes years afterward—which causes 
their destruction. In the great majority of cases the inflammation 
follows close upon the heels of the injury. Such an inflammation is 
either a panophthalmitis or a plastic irido-cyclitis, just as in the case 
of simple perforating injuries; but when a foreign body remains in 
the eye it is of much more frequent—indeed, of almost constant— 
occurrence, and, besides, induces much oftener sympathetic disease of 
the other eye. 

The prognosis of perforating wounds of the eyeball is deducible 
from the exposition given above. In every case it is grave, for even 
the minutest prick made with a fine needle may induce suppuration of 
the eyeball, if the needle was contaminated with septic substances. As 
we do not for the most part know whether the body causing the injury 
was aseptic or not, and as the consequences of an infection of the wound 
do not set in until several days have elapsed, we must be very cautious 
in stating the prognosis during the first few days after the injury. In 
general, the nature of the wound, and the facts as to the presence of a 
foreign body in the eye, serve to determine the prognosis. With re- 
gard to the former, we must take into consideration the situation and 
extent of the wound, and the condition of its edges; also whether or 
not the inner tunics of the eye have prolapsed into the wound, and how 
much, if any, vitreous has escapsed. Large wounds with extensive pro- 
lapse of the inner tunics of the eye are always followed by inflammation 
and by shriveling of the eyeball. The question in regard to foreign 
bodies is often difficult to decide. If there is a foreign body in the eye 
and it can not be removed at once, the eye is almost always lost. Again, 
in stating the prognosis, the danger which threatens the other eye, be- 
cause of sympathetic inflammation, must not be forgotten. 

Treatment.— When we get a recent scleral wound to treat, we must 
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first try to determine whether a foreign body is probably present in the 
eye or not. 

(a) Suppose that there is no foreign body in the eye. Then the 
next inquiry that we make is whether or not there is any prospect of 
preserving a serviceable eye. * In the first case we put the patient im- 
mediately in bed, cleanse the wound from any dirt that may adhere to 
it, and disinfect it by irrigating with an antiseptic solution. If the 
iris has prolapsed into the wound, which can be the case only in 
wounds situated in the cornea or in the most anterior portions of the 
sclera, it must be carefully excised. But if the ciliary body or chorioid 
projects into the wound, they should not be removed, because, if they 
were, the vitreous would prolapse. Small wounds soon close of them- 
selves by cicatrization; large, gaping wounds should be united by 
sutures passed either through the edges of the sclera itself or through 
the conjunctiva overlying it. 

In those cases in which, on account of the excessive extent of the 
injury, there is no prospect of retaining the eyeball in a serviceable 
condition, we recommend to the patient the immediate performance of 
enucleation. By this means he will be saved from a protracted illness 
as well as from sympathetic involvement of the other eye. 

In many cases it is impossible, even for one who has had great ex- 
perience, to Getermine beforehand whether an eye is going to be pre- 
served or not. It is then best to wait for some weeks, proceeding, 
however, to enucleation as soon as the course takes an unfavorable turn. 
In the latter case enucleation must not be put off too long, as other- 
wise we might be caught unawares by an outbreak of sympathetic in- 
flammation in the other eye. 

(6) If there is a foreign body in the eye, the latter is pretty surely 
lost unless the foreign body can be removed. Every endeavor must be 
made to accomplish this. For this object it is indispensably requisite 
to know, at least approximately, the situation of the foreign body. If 
the wound is still gaping and is large enough, we can pass a well-dis- 
infected instrument in through it, and endeayor to grasp the foreign 
body. If the wound is not adapted for this procedure, either because 
it has already closed up or because it presents unfavorable conditions 
on account of its size or position, it is better to make a new wound, 
located in the cornea or the sclera, according to the situation of the 
foreign body. In placing it in the sclera, the region of the ciliary body 
must be avoided; the section must lie behind the latter, and is best 
made in a meridional direction (proceeding from before backward), 
since such wounds gape the least. Through the wound the instru- 
ments are introduced in search of the foreign body ; but the operation 
of grasping and extracting it is often attended with great difficulty, 
and very frequently miscarries. Fragments of iron give the best pros- 
pect for removal, since an electro-magnet, the point of which is intro- 
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duced through the wound into the interior of the eye, may be employed 
for their extraction. 

If there is no prospect of our being able to remove the foreign body, 
we may, as a matter of experiment, wait awhile to see if possibly it will 
be tolerated by the eye without exciting inflammation. ‘This is espe- 
cially apt to be the case when a foreign body is imbedded in the lens; 
the latter becomes cloudy, and subsequently, when all the inflammatory 
symptoms have passed off, can be removed along with the foreign body 
contained in it by a cataract operation. As soon as plastic irido- 
cyclitis has set in, it is advisable not to make any more attempts at re- 
moving the foreign body; absolutely the only indication in this case is 
enucleation. 


Injuries of the eye are very frequently followed by extravasation of blood 
into the interior of the organ—into the anterior chamber and the space occupied 
by the vitreous. Such extravasations are also observed apart from injury, as 
the result of inflammation or even without any known cause. In the anterior 
chamber, blood sinks to the bottom and is reabsorbed. In otherwise healtby 
eyes small quantities of blood may often disappear completely within twenty- 
four hours. The process of resorption lasts longer when there is much blood 
in the anterior chamber, and especially when the eye is diseased in other ways 
as well and its processes of tissue metamorphosis are not normal. The longer 
the blood remains in the anterior chamber, the darker does its color become. 
So, in cases in which a hemorrhage into the anterior chamber has been repeated 
after the lapse of some time, we see a hyphzma which is composed of two strata 
of different color; the lower dark stratum corresponds to the first hemorrhage, 
the upper bright one belongs to the recently extravasated blood. Very old 
extravasations of blood sometimes acquire a brown or dirty-green color. If the 
blood remains a long time in the anterior chamber, it may—especially if there 
is a coexistent inflammation—serve as the substratum for the formation of new 
tissue. In this way the good result of operations, such as iridectomy and iri- 
dotomy, designed for the restoration of an unobstructed pupil, is often rendered 
of no effect, as the blood extravasated during the operation covers up the open- 
ing that has been made, and subsequently causes its reocclusion by means of a 
membrane. 

Blood extravasated into the vitreous is found there under the form of floc- 
culi or agglomerations. When observed with the ophthalmoscope, these either 
look simply black or show a faint reddish gleam. If they occupy the anterior 
section of the vitreous, they may even be recognized with lateral illumination 
(provided the pupil is widely enough dilated) through the dark-red reflex 
emitted from the depths of the eye. Blood occurring in the vitreous always 
requires a long time for its complete resorption; and, if much blood has been 
extravasated, opacities of the vitreous of considerable size always remain and 
cause great impairment of vision. In some cases of traumatic hemorrhages 
into the vitreous I have observed that, some time after the injury, the coloring 
matter of the blood all at once became dissolved in the ocular fluids and then 
was immediately diffused all through the eye. The aqueous humor, too, in 
such cases was colored red, so that the iris looked as though seen through ruby 
glass. 
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Perforating injuries of the cornea are in general less dangerous than those 
of the sclera. It appears as if they were less readily infected, perhaps because 
the outflowing aqueous humor washes away again the germs that have been 
introduced into the wound. For this reason corneal abscesses are observed 
mainly in consequence of superficial injuries of the cornea and not after deep 
perforating wounds. The greater danger of perforating wounds of the sclere 
may also be based upon the fact that by means of such wounds the ciliary body 
and the chorioid, which are very prone to become inflamed, are laid bare. 
Finally, the prolapse of the vitreous is also a factor very favorable to the pro- 
duction of infection, since this may be considered as representing a sort of 
natural cultivation-gelatin, in which micro-organisms thrive most luxuriantly. 

Ruptures of the sclera are such severe injuries, because a force that is strong 
enough to cause the eyeball to break open will produce other lesions in the 
interior of the eye, such as laceration of the iris, luxation of the lens, extensive 
hemorrhages, etc. The iris may even be torn entirely from its insertion, and 
along with the lens be projected from the eye. In regard to the method of de- 
velopment of ruptures of the sclera, different hypotheses have been proposed to 
account for them mechanically. We shall adduce here only the explanation 
given by Arlt. Ifa blunt instrument strikes the eyeball, the latter, as its con- 
tents are incompressible, will be flattened out. In so doing it will become 
widened in a direction perpendicular to the axis of the thrusting force. If, for 
example, the force a (Fig. 42) acts in a direction perpendicular to the cornea, 
and has its point of application in the center, ¢, of the cornea, the eyeball would 
be shortened from before backward, and hence would acquire a proportionately 
greater equatorial circumference (corresponding to the axis, 0 0,). The sclera 
would therefore be stretched most at the equator, and would be likely to 
rupture there (e. g., at 7). But in most cases the point of application of the 
force does not lie in the center of the cornea, but in the sclera below, and to 
the outer side of the cornea; for, in the first place, the margin of the orbit 
recedes most at this spot, and the eyeball is hence less protected here than in 
other directions, where it is covered by the projecting margin of the orbit or by 
the nose. In the second place, the eye, the moment danger threatens it, always 
rolls upward, so that the cornea (c, Fig. 43) looks upward and conceals itself 
beneath the upper lid. In this case also, then, a force acting from straight in 
front strikes the eyeball below the cornea and in the region of the sclera. The 
direction of the force in these cases corresponds to an axis (@ a, Fig. 48) which 
passes into the eyeball from below upward and from without inward; and in 
the direction of this axis the eyeball is flattened. The greatest expansion of 
the sclera, then, takes place in the equator, 0,, which corresponds to this axis 
and which in its upper half skirts the upper margin of the cornea, at which 
spot, therefore, the rupture of the sclera occurs (at 7). Jn this way is explained 
the fact that ruptures of the sclera almost always run close to the upper margin 
of the cornea and concentric with it. 

Lacerations of the sclera, which are incomplete in the sense that only the 
inner layers of fibers are ruptured, have also been observed; they result in a 
protrusion of the sclera at the site of the injury (Arlt, Schifer). Rupture of 
the cornea is very rare; among others, I have seen the following example: A 
boy, fifteen years old, during work, brought his hand up in such a way as to 
give his right eye a violent blow with the knuckle of one finger. I see 
rip in the cornea, beginning at its upper and inner margin and thence extend- 
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ing to about its center, where it made an obtuse bend in a horizontal direction. 


The rip had a length of six millimetres, and, in consequence of its curved 
course, marked the limits of a flap, whose edge was raised so as to project 


Fig. 42. Fig. 43. 


Fic. 42.—CoNnTUSION OF THE EYEBALL FROM IN FRONT. SCHEMATIC. 


The force acts in the direction aa, upon the center of the cornea, c. By it the eyeball is 
pressed aginst the firm backjzround, U U,, and acquires the flattened form designated by 
the dotted cutline. The greatest expansion of the eyeball occurs in the direction b b,, so 
that the sclera ruptures at r. The forcing back of the iris by the recession of the aqueous 
humor is represented as occurring in such a way that at its lower side, w, the iris forms a 
sac-like protrusion directed backward, while at its upper side, 0, it is bent straight back. 

Fic. 43.—ConTUSION OF THE EYEBALL FROM BELOW. SCHEMATIC. 


The force which acts in the direction a a, strikes the eyeball beneath the cornea and presses it 
against the backgrounca, U U,, so that it assumes the flattened form indicated by the dotted 
line. The eyeball suffers the greatest expansion in the direction b b,, so that the sclera 
ruptures at r. 


above the level of the surrounding cornea. The iris was wedged into the wound 
and the pupil consequently drawn toward this side. 

In rupture of the sclera there is found either a considerable recession of the 
iris as a whole or the iris is bent backward at the spot corresponding to the 
rupture (Fig. 42, 0); in rare cases, a piece of iris is torn completely away (trau- 
matic coloboma of the iris). With regard to the bending back of the iris, see 
§ 74. The recession of the iris and the deepening of the anterior chamber at- 
tendant upon it may occur in all cases in which vitreous has escaped through the 
wound in the sclera, and the total volume of vitreous has therefore been dimin- 
ished. In ruptures of the sclera, the lens, together with a part of the vitreous, 
is often expelled from the eye, so that such an eye is destitute of a lens—aphakic. 
In rare cases of this sort, the eye, after the healing of the scleral wound, may 
regain serviceable sight, if, like eyes that have been operated upon for cataract, 
it is provided with a strong convex glass. A farmer once presented himself at 
my clinic who had been gored first in one eye and then, some years afterward, 
in the other also, by a cow’s horn. In both eyes there was a healed-up rupture 
of the sclera to the inner side, with an apparent regular coloboma of the iris 
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(in reality, the iris at the site of rupture was bent backward and hence was in- 
visible). Both lenses were absent, but the fundus was healthy and with cata- 
ract-glasses the sight was very good. This man, therefore, may be said to have 
had a double extraction performed by the cow, and that, too, with more success 
than many operators are accustomed to have with their operations. 

The unfavorable prognosis which perforating wounds of the sclera generally 
offer holds good, at least in part, even for those cases in which, to begin with, 
there is a smooth healing of the wound. Such eyes which often recover from 
the injury with the restoration of good sight, nevertheless not rarely become 
blind afterward because of secondary changes, which are the consequences of 
the cicatrix in the sclera. Among these consequences is the traction which the 
part of the uvea that is atached to the cicatrix undergoes, and by which perma- 
nent symptoms of irritation, repeated attacks of inflammation, and even sympa- 
thetic irido-cyclitis of the other eye, may be set up. In scleral wounds which lie 
farther back, in the region of the retina, the latter may become attached to the 
cicatrix. By subsequent contraction of the cicatricial tissue the retina is drawn 
more and more into the cicatrix, and thus is loosened from its bed; the eye 
grows blind from detachment of the retina (Von Graefe). In this way, too, 
many eyes are destroyed which have been operated upon with apparently brill- 
iant success by section of the sclera, as for the extraction of a foreign body or 
of a cysticercus. A further danger accrues to the eyes from the fact that the 
scleral cicatrices later on readily become ectatic, and lead to the formation of 
scleral staphylomata and also to increase of tension. 

The prognosis must be stated as almost absolutely unfavorable when a 
Joreign body has been left in the eye. A series of cases, to be sure, is known 
in which a foreign body has been carried about in the eye for years without 
causing injury. But, in comparison with the excessive frequency of such injuries, 
the number of these cases is infinitesimally small; and even in these cases the 
safety of the eye is by no means to be considered as permanently assured. As 
an example, the following case that I observed may be adduced: A young lady 
of twenty-five years of age was injured by the percussion-cap of a child’s gun 
exploding near her eye. A piece of the copper case of the cap penetrated into 
the left eye through the cornea; it could be seen lying upon the lowermost 
part of the iris. The immediate consequence of the injury was an iritis, which, 
however, after some weeks got well. leaving several synechix. From that time 
on the eye remained free from inflammation and had good visual power. The 
piece of metal, which had a length of about one millimetre, could always be 
seen lying upon the iris, only it gradually assumed a black color. It was not 
until ten years after the injury that the sight began to diminish, and the patiené 
was tormented by photopsia; she also complained that fixed objects seemed to 
move and looked bent, so that straight lines, for example, appeared wavy to her. 
The eye was still free from inflammation, but, after being examined for quite a 
long time, showed a slight ciliary injection. Examination with the ophthalmo- 
scope could not demonstrate any changes except that the fundus in its lower half 
was not as beautifully red as it was above, but was of a light grayish color. It 
was hence taken for granted that here was a detachment of the retina in its very 
earliest stage. The traction thus produced upon the retina accounted for the 
photopsia, and the undulatory movement of the retina accounted for the apparent 
movement of objects, while the curved appearance of straight lines was referable 
to the differences of level existing in the detached retina. Conjecturally the 
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retinal detachment was produced by au old exudate which lay upon the ciliary 
body and the most anterior portion of the retina, and which by its gradual 
shrinking drew the retina farther and farther forward. Since then I have not 
had an opportunity of seeing the patient again, but the subsequent course of 
the case may be predicted with great probability. The retinal detachment will 
have become total; afterward an irido-cyclitis will have probably developed out 
of the condition of ciliary irritation of the eye, so that after some time the eye 
would become completely blind, would grow softer, and would be the site of 
frequently recurring attacks of pain and inflammation. Perhaps, too, the other 
eye would be attacked by sympathetic inflammation. 

Leber has determined, by a series of experiments upon animals, the reason 
why the presence of a foreign body in the eye regularly results in a severe in- 
flammation. This inflammation is either excited by the presence of micro-or- 
ganisms which make their way into the interior of the eye from the conjunctival 
sac, either along with the foreign body or subsequently, or it is the consequence 
of a chemical irritation of the tissues produced by those foreign bodies which 
are not chemically indifferent. For example, purulent inflammation could be 
produced by bits of copper, and still more by particles of mercury, which were 
introduced aseptically into the anterior chamber. Hence, such inflammation 
does not necessarily presuppose the penetration of Schizomycetes into the eye. 
Observations upon man agree in general with the facts obtained by experiment. 
Whether a body which penetrates into the eye is well borne by it or not de- 
pends upon the following circumstances: 1. First of all, upon the fact of its 
being aseptic or not. 2. Upon its chemical character. Chemically indifferent 
bodies (such as, for instance, fragments of glass), if they get into the eye asepti- 
cally, are the ones most likely to remain there without producing any further 
ill effect. The contrary is true of the foreign bodies that are of most frequent 
occurrence—i. e., fragments of metals. These almost always set up a severe 
inflammation, which can not, however, in most cases be referred to their septic 
character. In fact, metallic fragments (for instance, such as fly off while the 
metal is being hammered) are often raised to a red-heat immediately before 
they penetrate into the eye, and are thus disinfected. They owe their property 
of exciting inflammation to the fact that they become oxidized in the tissues of 
the eye, and thus act as chemical irritants. This is the case with iron, and still 
more with copper; metals which, like lead and the noble metals, are innocent 
in this regard, are of comparatively rare occurrence in the eye. 8. The volume 
of the foreign body is of influence, inasmuch as the larger the foreign bodies 
are, the less readily are they tolerated; for, while small foreign bodies speedily 
become fixed in the eye, larger ones readily undergo changes of place during 
movements of the eye, especially if they are of high specific gravity, as in the 
case with pieces of metal. By such displacements of the foreign body the sur- 
rounding tissues are mechanically irritated. 4. The individual tissues vary in 
respect to their tolerance of foreign bodies. The uvea, and especially the iris 
and ciliary body, exhibit the greatest reaction to injury of any kind. The lens, 
on the contrary, possibly on account of the sluggishness of its tissue metamor- 
phosis, is the part of the eye in which foreign bodies are relatively the best 
borne. If, for example, a small fragment of iron has become imbedded in the 
lens, the latter, to be sure, becomes clouded, but suppuration frequently fails 
to take place. In such a case sometimes the lens is afterward colored brown by 
the oxide which is formed, and thus gives evidence of the foreign body con- 
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cealed in it; in this way small fragments of iron may even in time be entirely 
dissolved. 

Perforating injuries of the eye are very frequent in the working-class, and 
furnish a large contingent of the blind. This is particularly the case in regions 
where many industries are carried on. The following report of Cohn gives a 
good idea of the frequency of the injuries to which the eyes of many workmen are 
exposed: Among twelve hundred and eighty-three workers in metals employed 
in six factories, each man received on an average from two to three eye-injuries 
in ayear. Of course, the great majority of these injuries were of a slight char- 
acter; most, indeed, consisted merely in the penetration of small metallic parti- 
cles into the surface of the cornea, which were, for the most part, removed at 
the factory itself. About half of the workmen were compelled to seek medical 
aid; thirty-six suffered a partial impairment of sight, and sixteen (that is, 1:2 
per cent of the whole number) each lost one of their eyes altogether. Is there, 
then, no protection against these frightfully frequent injuries of the eyes? Cer- 
tainly, and moreover a very simple one—namely, the wearing of protective 
spectacles. These are made of glass, or, that they may not be easily broken, of 
mica or of fine wire net. Unfortunately, the use of these protective spectacles 
has, up to the present time, always encountered great opposition on the part 
of the workmen who require them. 

The attempt to remove the foreign body which has penetrated into the eye 
often has great difficulties to cope with, and very frequently is unsuccessful. 
No fixed rules can be laid down for the procedures to be employed for this pur- 
pose, as almost every individual case has its peculiarities and calls for an opera- 
tion devised specially for itself. For fragments of iron the electro-magnet is 
employed. This was first used for this purpose by McKeown. The form of 
electro-magnet most employed is the following, devised by Hirschberg: About 
a rod of soft iron is wound a spiral coil of copper wire, not too thin, the two 
ends of which are connected with a powerful galvanic element. The ends of 
the iron rod, which project somewhat beyond the spiral, are a little bent and 
end in a blunt point, adapted for introduction into the interior of the eye. 
For this latter purpose we enter either through the wound itself, in case this 
is large enough and is still open, or we make an incision in a suitable situation 
in the cornea or sclera, according to the location of the foreign body. 


Ill. Ecrast® oF THE SCLERA. 


(a) Partial Ectasia. 


56. Partial ectasia of the sclera is represented by a circumscribed 
protrusion under the form of a dark prominence or swelling. The 
sclera at this spot is thinned, so as to be readily dimpled with the point 
of a sound; in consequence of the thinning, the chorioidal pigment 
appears through it, and imparts to the ectasia a dark, slate-gray, or 
bluish-black color. By means of focal illumination, light can often be 
made to pass through the sclera at the ectatic spot, and the coating of 
pigment on its inner surface can be seen through it. According to 
the situation of the ectasia, various forms of it are distinguished— 


namely : 
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1. Anterior Ectasie (anterior scleral staphylomata).—These occupy 
the portion of the sclera adjoining the cornea (Figs. 44 and 45). They 
appear in the beginning under the form of small, dark spots, which 
afterward become larger and bulge out. When several lie close together 
they become confluent, forming a large swelling which surrounds 
the cornea like an arch or ring. The limbus, under the form of a 
somewhat depressed gray line, forms the boundary between the ectasia 
and the cornea. When the latter is also opaque and ectatic, the sharp 
line of demarkation between scleral and corneal ectasis is often lost, 
and both ectasie unite to form a single protuberance occupying the 
anterior segment of the eyeball. It often happens that an anterior 
scleral staphyloma exists, or, at all events, has its chief development, on 
one side only. Then the base of the cornea at this side is pushed for- 
ward, so that the entire cornea is made to lie obliquely. If, for instance, 
the scleral staphyloma occurs on the inner side, the cornea looks out- 
ward instead of straight forward (Fig. 45, ). 

2. Equatorial Ectasie (equatorial staphylomata).—These are dark 
prominences in the region of the equator of the eyeball. They can 
only be seen if the eyeball is turned strongly to the side opposite the 
staphyloma. They occur at either one or more spots upon the equator, 
but never surround the entire eyeball like a ring, as is frequently the 
case with anterior scleral staphylomata. 

3. Posterior Ectasie.—These occupy the posterior segment of the 
eyeball, and can not, therefore, be seen in the living eye. In respect 
to origin and significance, they are essentially distinct from anterior and 
equatorial staphylomata of the sclera. There are two kinds of posterior 
scleral ectasiz: a. The staphyloma posticum Scarpe. This consists in 
a thinning and protrusion of the sclera at the posterior pole of the eye 
to the outer side of the optic-nerve entrance. If the ectasia takes on 
greater dimensions, the optic nerve is also involved in it ($145). This 
form of ectasia, as Arlt was the first to discover, is the most frequent 
cause of short-sightedness, because owing to the recession of the sclera 
the eyeball undergoes an elongation of its sagittal axis (axial myopia). 
The diagnosis of a posterior staphyloma can be made in the living eye 
only by demonstrating the existence of a high degree of myopia and of 
the accompanying changes in the ophthalmoscopic picture (§ 78). . 
Postervor scleral protuberance of Ammon. This does not, like posterior 
staphyloma, lie just at the posterior pole, but below it. Contrary to the 
case of the other ectasia of the sclera, it is not acquired but congenital, 
being formed in consequence of an incomplete closure of the fetal 
ophthalmic cleft. It is found simultaneously with the formation of a 
fissure (coloboma) in the chorioid and frequently, also, with coloboma 
of the iris (see $§ 77 and 81). 

Acquired ectasiz of the sclera are designated under the name of 
staphylomata of the sclera, as has been done in the preceding lines, but 
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the expression staphyloma is not applied to the congenital scleral pro- 
tuberance of Ammon. 


(2) Total Ectasia of the Sclera. 


This consists in a uniform dilatation of the entire sclera, so that the 
eyeball is enlarged in toto. The sclera is everywhere thinned and the 
chorioidal pigment shows through it, so that it has a bluish-white appear- 
ance. ‘Total ectasia can only develop in youth when the sclera is still 
everywhere yielding; the sclera of adults is so rigid that it can protrude 
only at certain weaker spots, and hence it admits of only partial ectasie. 
Total ectasia occurs most frequently at the same time with staphyloma 
of the cornea or with anterior scleral staphyloma. Then by the com- 
bination of the two kinds of ectasia a very extraordinary enlargement 
of the eyeball sometimes develops. Much more rarely a second, pure 
form of scleral ectasia is observed, in which the eye shows simply a 
uniform enlargement in all its dimensions—an enlargement in which 
the cornea also participates (megalocornea). This condition is charac- 
terized as hydrophthalmus or buphthalmus (ois, ox, on account of the 
resemblance to the large eyes of oxen). Hydrophthalmus is either con- 
genital ‘or is acquired in early childhood, and is probably analogous to 
the glaucoma of adults, under which disease, therefore, hydrophthal- 
mus will be treated of in detail (see § 84). 

Etiology.—Every ectasia of the sclera is the result of a dispropor- 
tion between the intra-ocular pressure and the resistance of the sclera. 
Either the tension of the eye is pathologically heightened or the tenac- 
ity of the sclera is diminished. The former is much the more fre- 
quent cause of scleral ectasie (if the posterior scleral staphyloma in 
myopia is excepted). Scleral ectasize develop slowly, and the dispropor- 
tion between the tension of the eye and the resistance of the sclera 
must persist for a pretty long time before it can make the sclera become 
ectatic. 

(a) The result of elevation of the intra-ocular tension is that every 
square millimetre of the interior surface of the sclera has to bear the 
same increase of pressure. If the sclera possessed the same constitu- 
tion throughout it would, in case it yielded to the pressure at all, ex- 
pand in a perfectly uniform fashion. But some portions of the sclera 
are constructed less solidly than others, and these give way first to the 
increased pressure. These less tenacious spots are those in which the 
sclera has nerves or vessels passing through it into the interior of the 
eye, and in which, therefore, it is perforated and thinned. Chief 
among these places is the lamina cribrosa, and next those portions of 
the sclera where the ven vorticose and the anterior ciliary vessels 
perforate it. At the site of the lamina cribrosa the sclera is reduced 
to a thin membrane, riddled with holes like a sieve, which, under in- 
creased pressure, bulges out backward. This bulging, however, is not 
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counted among the staphylomata of the sclera, but is designated as an 
excavation of the optic nerve, because the head of the optic nerve 
recedes simultaneously with the lamina cribrosa (§ 82). Equatorial 
staphylomata develop at those spots where the venz vorticose perforate 
the sclera, and anterior scleral staphylomata at the spots where the 
anterior ciliary vessels are transmitted. The other, more resistant sec- 
tions of the sclera remain unchanged, even under increased intra-ocu- 
lar pressure; it is only in children, in whom the sclera is capable of 
expanding as a whole, that total ectasia develops. 

The most frequent causes of the elevation of intra-ocular pressure 
are glaucoma, seclusio pupille, and ectatic cicatrices of the cornea. 
In glaucoma, in which the venz vorticose are the main seat of con- 
gestion and inflammation, equatorial staphylomata generally develop ; 
seclusio pupille and staphylomata of the cornea, on the contrary, in 
which the inflammation expends itself upon the most anterior sections 
of the eyeball, mostly induce anterior ectasiz of the sclera. 

(o) The result of diminished resistance of the sclera may be that 
the latter is unable any longer te withstand even the normal intra- 
ocular pressure. Diminished resistance develops in consequence of 
inflammations of the sclera, and hence occurs in the deep form of 
scleritis, which leads to anterior scleral ectasiz (page 214); it also 
occurs when tumors (malignant new growths, gummy or tuberculous 
nodules) develop in or beneath the sclera. Injuries of the sclera also 
diminish its tenacity, and hence the cicatrices after penetrating wounds 
(and especially after ruptures) of the sclera very frequently become 
ectatic. Scleral ectasiz arising in this way lead subsequently to eleva- 
tion of the intra-ocular pressure, which then, however, must be re- 
garded not as the cause, but as the result of the ectasis, even though it 
does contribute to make the latter still larger. Here, then, the same 
process that occurs in ectasie of the cornea (page 205) is repeated. 
Posterior scleral ectasiz are likewise referred to a diminution in the 
resistance of the sclera. With regard to the development of staphylo- 
ma posticum, the cause of it has been assumed to be partly a congenital 
weakness of the sclera in its posterior portion, partly a softening of it 
through inflammation of the adjacent chorioid. With respect to Am- 
mon’s scleral protuberance, the idea is held that the foetal ophthalmic 
cleft is filled up with a sort of intermediary tissue which does not 
possess the firm texture of the normal sclera, and hence gives way be- 
fore the ocular pressure. 

Consequences of Scleral Ectasiz.—In anterior and equatorial staphy: 
lomata of the sclera the sight is at length completely destroyed through 
rise of tension. If the ectasia does not come to a stop, the enlargement 
of the eyeball keeps growing greater and greater. The eyeball projects 
far beyond the palpebral fissure, can be covered but incompletely by 
the lids, and is extremely disfiguring. Conjunctival catarrh, lachryma- 
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tion, and blepharospasm develop as a result of the mechanical irritation. 
Finally, some light injury suffices to cause the rupture of the staphy- 
loma at a particularly thinned-out spot. The greater part of the 
liquefied vitreous is evacuated, and in consequence a violent hemor- 
rhage may take place, and the eye may undergo destruction with the 
symptoms of panophthalmitis. 

Staphyloma posticum, if it enlarges, causes a considerable increase 
in the short-sightedness, without, however, inducing elevation of tension 
and the other deleterious ‘consequences of anterior and equatorial 
staphylomata. The scleral protuberance of Ammon remains stationary 
and entails no injurious consequences. 

Treatment.—It is only anterior and equatorial, and not posterior, 
ectasiz of the sclera that are amenable to treatment. In the former, 
which, in the great majority of cases, have developed in consequence of 
an increase of tension, the main indication is iridectomy, provided that 
it is still technically practicable. Inasmuch as this operation dimin- 
ishes the intra-ocular pressure, it puts a stop to the further enlarge- 
ment of the scleral ectasiz (and in especially favorable cases even causes 
diminution in the size of an ectasia already existing), and likewise pre- 
serves the sight, so far as it still exists, from total destruction. If, as 
indeed is generally the case, iridectomy is on technical grounds no 
longer practicable, there is nothing else left to do but enucleation, in 
case the eye distresses the patient by its size, its painfulness, or the dis- 
figurement it causes. 


The anatomical structure of scleral staphyloma is essentially different from 
that of staphyloma of the cornea. While the latter consists of cicatricial tissue 
which replaces the cornea that has been destroyed, a scleral staphyloma is formed 
of the sclera itself, which has not ceased to exist at the site of the ectasis, but 
is simply thinned, so that often it is no thicker than a sheet of paper. In pos- 
terior staphyloma the thinning is uniform; in anterior and equatorial staphy- 
lomata we often find that the thinning is not uniform, and commences suddenly, 
owing to the abrupt disappearance of the inner layers of the sclera at the margin 
of the ectasis. The sclera then in the spot where it bulges looks as if it had 
been gnawed into from the inner side, and thus deprived of its innermost layers. 
Probably this occurs from the fact that the innermost layers of fibers of the 
sclera, in consequence of the great stretching to which they are exposed, first 
rupture at some spot and then gradually separate from each other (Czermak and 
Birnbacher). The uvea is always solidly adherent to the inner surface of the 
ectasia, and is here so atrophic that scarcely anything is left of it but its pigment- 
layer, which forms the dark coating of this inner surface. 

Dissection of ectatic eyeballs shows that anterior scleral staphyloma may be 
of two kinds—ciliary or intercalary staphyloma. The former (Fig. 44) belongs to 
that part of the sclera, the inner surface of which is coated by the ciliary body; 
the latter (Fig. 45), on the other hand, develops in that narrow portion of the 
sclera which is situated in front of the ciliary body, between it and the margin 
of the cornea; for the anterior border of the ciliary body, and hence, too, the 
root of the iris, as it springs from the ciliary body, do not correspond to the 
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sclero-corneal junction, but lie somewhat behind it—that is, the most anterior 
portion of the sclera, which lies in front of the root of the iris, belongs to the 
anterior chamber. But, although it is just in this portion that an intercalary 
staphyloma develops, the iris does not lie behind the latter but in front of it, 


Fig. 44. Fig. 45. 


Fic. 44.—STAPHYLOMA CILIARE. AFTER PAGENSTECHER. 


The eye is bisected horizontally. Surrounding the cornea there is an ectasia, c, of the sclera, 
which attains its greatest breadth at the temporal side, t; and on the nasal side, n, is nar- 
rower and less prominent, for which reason the cornea appears displaced toward the nasal 
side. The inner surface of the ectasia is coated with the elongated ciliary processes, the 
iris is invisible because it is pressed against the posterior surface of the cornea, which hence 
looks pigmented in black. The retina and chorioid have been to some extent separated from 
their bed by the dissection ; in the retina, groups of punctate hemorrhages, b, are observ- 
able. The head of the optic nerve, 0, shows a deep excavation due to pressure, 


Fic. 45.—STAPHYLOMA INTERCALARE. 


The eyeball is horizontally bisected and is drawn of somewhat more than the natural size. The 
ectasia, s, of the sclera is interposed on the nasal side, n, between the ciliary body, c, and 
the cornea, h, so that the latter is displaced toward the temporal side. The inner surface of 
the ectasia is covered with pigment, which represents the remains, of the root of the iris 
which has become adherent to the thinned sclera ; this pigment, in consequence of being 
spread over so large a surface, shows numerous gaps. Toward the outer side the ectasia con- 
stantly diminishes in breadth, so that, at the spot where the temporal wall of the eyeball, t, 
has been cut through, nothing but a very narrow interspace is observable between the 
ciliary body and the iris. a condition due to that agglutination of the root of the iris to the 
sclera which characterizes an increase of tension. In the bisected optic nerve, the normal 
conical contraction of the intra-scleral section, 7, can be recognized ; and, in the retina, can 
be seen the fovea centralis, f, and the expansion of the retinal vessels. 


just as in the case of ciliary staphyloma. This comes to pass in the following 
way. ‘The formation of the ectasia is preceded by increase of tension, which 
causes the most peripheral portion of the iris to be pressed forward and to be- 
come united with the sclera (see § 85 and Figs. 73 and 74). Hence that part of 
the iris lying free in the anterior chamber is given off from the sclera at a point 
farther forward than usual. Looked at with the naked eye, it seems as if the in- 
sertion of the iris had been pushed forward, up to the sclero-corneal junction 
or beyond it. Now, an intercalary staphyloma develops in that region of the 
sclera which is united with the periphery of the iris (from a to } in Fig. 74), 
and hence lies between the real origin of the iris at the anterior border of the 
ciliary body and its apparent origin at the spot where the portion of the iris 
that is still free commences (Fig. 83, »). The inner surface of an intercalary 
staphyloma, then, is coated with a layer of pigment (s, Fig. 45), which is nothing 
but the completely atrophic root of the iris that has become united to the sclera. 
In an eyeball which has not been dissected, the distinction between a ciliary 
and an intercalary staphyloma is more difficult to effect than in an anatomical 
preparation, but may still be made from the following diagnostic points: In 
intercalary staphyloma the anterior ciliary vessels are seen emerging from the 
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sclera at the posterior border of the ectasia, in ciliary staphyloma at its anterior 
border. A thin ciliary staphyloma usually transmits light, and so admits of our 
recognizing the elongated ciliary processes as black strie on its inner surface 
(¢, Fig. 44). 

Ectasis of the sclera usually entails still further changes in the interior of 
the eyeball. In consequence of the enlargement of the ring formed by the ciliary 
body, the iris becomes stretched and atrophic, and may even in places be sepa- 
rated from its insertion (spontaneous iridodialysis). The same is true of the 
zonule of Zinn, which, through atrophy, gets to be so deficient that the lens be- 
comes tremulous or even undergoes luxation. The ciliary body, chorioid, retina, 
and optic nerve become atrophic; the latter generally presents a deep excava- 
tion due to the increase of tension (0, Fig. 44). 


ULCERS AND TUMORS OF THE SCLERA.—The sclera is but little liable to 
become inflamed, and still less are the products of its inflammation liable to 
undergo purulent disintegration; thus, for example, ulceration of scleritic nod- 
ules is never observed. Ulcers which originate in the adjacent part of the 
cornea are always arrested as soon as they reach the sclera; nor are ulcers of 
the conjunctiva any more likely to extend to the sclera beneath them. Hence 
ulcers in the sclera are among the greatest of rarities. They originate from in- 
juries associated with infection and also from the disintegration of new growths 
(gummata, tuberculous, and leprons nodules, malignant new growths). 

New growths, too, occurring primarily in the sclera are extremely rare; 
although, of course, tumors originating in other parts of the eye do pass over 
to the sclera. Fibromata, sarcomata, and osteomata are the primary tumors 
that have been observed in the sclera. 


CHAPTER IV. 


ANATOMY AND PHYSIOLOGY OF THE UVEA, 
EMBRYOLOGY OF THE EYE. 


I. ANATOMY. 


57. Ir we carefully remove the sclera and cornea from an eye- 
ball, we have presented to us the iris, ciliary body, and chorioid in con- 
nection. Together these form the middle tunic of the eye, which takes 
the shape of a sphere, colored dark-brown by the pigment which it con- 
tains. In front this has a large aperture, the pupil; behind it has a 
small one, the opening designed for the transmission of the optic nerve. 
On account of the similarity of the dark sphere, hanging upon the 
optic nerve as upon a stalk, to a grape (wva), the middle tunic of the 
eye has received the name of uvea, and also of uveal tract. 


(a) Iris. 

The iris* is a disk-shaped membrane, perforated in the center by 
the pupil.t By its peripheral or ciliary border it springs from the 
anterior surface of the ciliary body. From this point it stretches over 
the lens, its central or pupillary border lying upon the anterior capsule, 
and gliding upon it with the movements of the pupil (Fig. 47). By 
lying in this way upon the lens, the iris obtains a firm support. Hence, 
when the lens is absent or has lost contact with the iris, the latter is 
seen to tremble or vibrate with movements of the eyeball (tremulousness 
of the iris, ir¢dodonesis {). Since the umbo of the lens lies farther for- 
ward than the spot where the iris originates in the ciliary body, the 
iris forms a shallow cone, whose apex, directed forward, is cut off by 
the pupil. The shallower the anterior chamber becomes through ad- 
vancement of the lens, the greater is the altitude of this cone; if, on 
the other hand, the lens is absent, the iris extends in a plane. 

In looking at the iris with the naked eye, or, still better, with the 


* Tris on account of its rainbow-shape, not on account of its color. 

+ Pupilla properly means girl; perhaps so called because in the pupil one sees 
a diminutive image of himself reflected from the cornea. So, also, in old German 
works the pupil is named “ Kindlein ” (= little child). In Greek, too, the pupil is 
called «épn, girl, from which the expressions corectopia, corelysis, etc., are derived. 

{ From tris and dovéoua, I vibrate. 
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magnifying-glass, we recognize in it delicate markings, which are 
formed by elevations and depressions of its anterior surface (relief of 
the iris, Fig. 46). Sharp and clear in the normal eye, these markings 
are blurred or absolutely indistinguishable in an inflamed or atrophic 
iris, so that they constitute an important sign in iridic affections. 
The markings are chiefly formed by ra- 
dially directed, projecting ridges, which 
are nothing but the blood-vessels lying 
in the stroma of the iris, and running 
from the ciliary to the pupillary mar- 
gin. Near the latter they interlace with 
a ring of circular ridges—the lesser cir- 
cle (circulus minor) of the iris (#, Fig. 
46). This latter divides the iris into ee ae 

two zones: that lying to the periphery iss, Muewres 6 


of the circulus minor is the ciliary zone P, pupillary zone ; C, ciliary zone ; r, 
fringe of retinal pigment ; k, lesser 


(C); that lying to the central side of it circle; c, crypt; jf. contraction 
° : roove ; n, > D, i 

is the much narrower pupillary zone (/), Gare ace ae ees 
which is often distinguished from the 


ciliary zone by a different coloration. Along the circulus minor may 
be noticed pit-like depressions (crypts, c) in the surface of the iris. 
Similar but much smaller openings in the anterior surface also exist at 
the periphery of the iris, close to its root ; but these are not perceived 
in the living eye, partly because they are too small, partly because 
they are concealed by the margin of the sclera, which projects in front 
of them. It is only in blue eyes, especially in children, that this periph- 
eral perforated zone becomes apparent as a dark, almost black, circle 
(») close to the root of the iris. The pupillary margin of the iris is 
seen to be lined by a narrow black fringe (7), which stands out with 
especial prominence in eyes affected with cataract; for it contrasts 
much more forcibly with the white background of the clouded lens 
than with the black of the pupil of a normal eye. 

Microscopical Anatomy.—The stroma of the iris consists essentially 
of numerous vessels running in a radial direction from the ciliary to 
the pupillary margin. The vessels are inclosed in a thick adventitia, 
and are surrounded by a loose mesh-work of branched and pigmented 
cells, which fill up the interspaces between them. The vessels, together 
with the cellular mesh-work, form the stroma of the iris, which conse- 
quently is a very loose, spongy sort of tissue. Close to the pupillary 
margin of the iris the muscle which closes the pupil—the sphincter 
iridis—is found imbedded in the stroma (Fig. 47, sp). This is a flat 
band of smooth muscular fibers, one millimetre broad, lying close to 
the posterior surface of the iris. 

On the anterior surface of the iris the stroma is lined with a coat- 
ing of endothelium. This, which is a continuation of the endothelium 
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of Descemet’s membrane, covers the entire anterior surface of the iris 
as far as the pupillary margin. It is deficient only at those spots which 
correspond to the crypts, including both those at the pupillary (Fig. 
47, cr) and those at the ciliary (c,c) margin. These crypts, therefore, 
form apertures which lead into the interior of the tissue of the iris and 
place its tissue-spaces in free communication with the cavity of the an- 
terior chamber. This arrangement favors the rapid change in volume 
of the iris in the alternating movements of the pupil, since it enables 
fluid to pass rapidly from the tissue of the iris into the anterior cham- 
ber and vice versa. The posterior surface of the stroma of the iris is 
covered by the posterior limiting membrane and the retinal pigment- 
layer. The former consists of very even, tense fibers, which extend in 
a radial direction from the ciliary to the pupillary margin, and hence 
have been regarded as the dilator pupillw. Physiologically speaking, 
the function of a dilator does really belong to the posterior limiting 
membrane, since the pupil is actively dilated by its contraction. Never- 
theless, we are dealing in this case not with a muscular but with an 
elastic traction, for, inasmuch as the fibers of the posterior limiting 
membrane possess no nuclei, they can not be regarded as smooth mus- 
cular fibers. ‘To the posterior limiting membrane succeeds the retinal 
pigment-layer, which coats the posterior surface of the iris. It extends 
to the pupillary margin, round which it turns so as to appear a little 
on the anterior surface of the iris (Fig. 47, at ), and so forms that 
black fringe which we perceive along the pupillary margin, when look- 
ing at the eye from in front. The pigment-layer consists of two strata 
of epithelial cells (v and h, Fig. 47), which pass into each other at the 
pupillary margin. The two together, as embryology teaches us, repre- 
sent the continuation of the retina to its termination at the pupillary 
margin. ‘his layer of the iris is therefore designated as the retinal 
layer (pars retinalis iridis sive pars iridica retin), in contradistinction 
to the anterior layers belonging to the uvea, which are comprised under 
the name of pars uvealis iridis (Schwalbe). 


EXPLANATION OF Fic. 47.—MERIDIONAL SECTION THROUGH THE ANTERIOR PORTION OF THE 
Eyz. Maeyiriep 16x1. The boundary between cornea, C, and sclera, S, is marked at its pos- 
terior surface by the cross-section of Schlemm’s canal, s. Anteriorly it is covered by the limbus 
conjunctive, L; farther back the cross-section of an anterior ciliary vein, ci, is seen in the 
sclera. The iris is attached by the ligamentum pectinatum, /, to the inner posterior wall of 
Schlemm’s canal. On the anterior surface of the iris may be recognized the orifices of the 
crypts both in the circulus minor (cr) and in the periphery (c), also the contraction-furrow, f. 
The posterior surface of the iris is covered with a sheet of retinal pigment which turns forward 
sharply like a spur at the pupillary margin, p. At one spot the posterior layer, h, of the pig- 
ment has separated so that the anterior layer, v, can be seen isolated. Close to the pupillary 
margin, the cross-section, sp, of the sphincter pupille is visible. From the posterior wall of 
Schlemm’s canal rises the ciliary muscle, consisting of longitudinal fibers, M, and circular 
fibers, Mu ; the transition from one portion to another is effected by the radial fibers, r, At 
the anterior margin of the circular portion is seen the cross-section of the circulus anteriosus 
iridis major (a). Upon the ciliary muscle are situated the ciliary processes, Es which are COv- 
ered by the two layers of the pars ciliaris retinge, namely, by the pigmented cellular layer, pe, 
which is the continuation of the pigment-epithelium, Pe, and by the non-pigmented Jayer, pe, 
the continuation of the retina proper, R. The flat part of the ciliary body, the orbiculus cili- 
aris, O, extends to the ova serrata, 0, where the chorioid, Ch, and the retina, R, begin. Upon 
the orbiculus lie the fibers of the zonule of Zinn, z, which farther forward pass into the fr ee 
portion, z,, of the zonula and there inclose the cavity of the canal of Petit, 7. The babe 
shows at its equator, besides the attachments of the zonular fibers, the cross-section, k, of the 
circle of nuclei. 
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The color of the iris, which is either light (blue or gray) or dark 
(brown), is caused by the iridic pigment. There are two kinds of pig- 
ment in the iris: one lies in the branched cells of the stroma, and is 
hence called the stroma-pigment; the other fills up the epithelial cells 
of the retinal pigment-layer (retinal pigment). Upon the proportion 
between the amount of pigment deposited in these two the color of the 
iris depends. The retinal layer of the iris always abounds in pigment, 
while the amount of stroma-pigment that the iris contains varies greatly. 
When the stroma contains little pigment, the retinal pigment shows 
through the thin iris, and by interference appears blue. This is due to 
the same phenomenon that always causes a dark background to appear 
blue when iooked at through a more or less opaque medium. ‘Thus, 
for instance, through a delicate skin the veins look blue. If the stroma 
is deficient in pigment, but pretty thick and compact, the iris appears 
gray. And, finally, the greater the amount of brown stroma-pigment 
that the iris contains, the more this pigment becomes visible and makes 
the iris appear of its own brown color, while the retinal pigment-layer, 
which lies behind, is more and more concealed by the stroma-pigment 
and withdrawn from view. 

Not infrequently there exist in an iris, which is but slightly pig- 
mented as a whole, one or two isolated accumulations of pigment in 
the stroma. These then stand out as dark (rust-colored, brown, or 
black) spots in an otherwise gray or blue iris (nevi iridis, Fig. 46, 7). 
The presence of a pretty large number of them gives the iris the ap- 
pearance of a tiger-skin. 

Exceptionally, cases occur in which the iris has no pigment either 
in its stroma or in its retinal layer. Such an iris belongs to albinos; 
it is transparent, and, on account of its numerous vessels, has a delicate, 
grayish-red color. 


The examination of the iris in the living eye shows us, besides the details 
of relief mentioned above, a number of concentric curved lines near the ciliary 
margin of the iris (7, Fig. 46). They are particularly well seen in a dark iris 
with a contracted pupil, when by their light color they show off well upon the 
brown background. These are the contraction furrows of the iris; so called be- 
cause, as the iris becomes narrower during the dilatation of the pupil, its anterior 
surface is disposed in folds, and depressions between the folds (7, 7, Fig. 47) 
form these furrows, at the bottom of which the stroma of the iris generally con- 
tains less pigment. When the pupil contracts these folds are smoothed down, 
and the furrows open out and are then easier to be seen. With the varying 
dilatation and contraction of the pupil we also notice a change in the fringe of 
pigment upon the pupillary margin: the more contracted the pupil is, the broader 
this becomes; on the other hand, when the pupil is strongly dilated, it disap- 
pears entirely. When the pupil is very much contracted, we not infrequently 
observe even in normal eyes a faint tremulousness of the iris (iridodonesis), 
which otherwise occurs only in dislocation of the lens. This is due to the fact 
that with a contracted pupil the posterior chamber is deeper and at the same 
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time the greatly dilated iris is considerably thinned—circumstances both of 
which favor wavering of the iris. 

The retinal pigment-layer is composed of two strata of cells, the recognition 
of which, however, is rendered very difficult by their profuse pigmentation. The 
two strata can be clearly distinguished from each other only in the embryo (and 
sometimes also in the new-born infant); we can then also establish the fact that 
they are the continuation of the two layers of the retina upon the posterior sur- 
face of the iris. The anterior stratum of pigment (v, Fig. 47) arises from the 
pigment-epithelium of the retina; the posterior () from the retina proper. In 
the adult eye a separation not infrequently takes place between the two strata, 
because they are not attached with the same degree of firmness to the iris. 
While the anterior stratum is very intimately adherent to the posterior surface 
of the iris, the posterior stratum readily becomes separated from it (in Fig. 47 
the separation has resulted accidentally from the dissection). When adhesions 
of the posterior surface of the iris to the capsule of the lens (posterior synechia) 
are torn away, the posterior stratum is left as a black coating upon the anterior 
capsule, while the anterior stratum remains upon the iris. So, too, we can 
easily remove the posterior stratum from che iris by penciling, while leaving 
the anterior stratum behind upon the iris. Then, in making a microscopical 
examination of the iris that we have penciled, we find the anterior stratum inti- 
mately connected with the posterior limiting membrane. Indeed, it used to be 
counted as forming a part of the latter, investigators regarding the nuclei of 
the pigment-cells as the nuclei of the fibers of the posterior limiting membrane 
—structures which they were hence disposed to look upon as smooth muscular 
fibers. In this way they arrived at the erroneous assumption of there being a mus- 
cular dilator pupille. And, indeed, there are still other facts which appear to 
support this assumption. In the first place, there is the presence in many animals 
of such a dilator consisting of striated muscular fibers. Then, there are all those 
facts which speak for the existence of an active dilatation of the pupil—e. g., 
the fact that, by instilling atropine into an eye, the pupil of which is already 
dilated in consequence of paralysis of the oculo-motorius, we obtain still further 
retraction of the iris. Again, if in consequence of iritis the pupillary margin is 
fixed to the anterior capsule of the lens by two adjacent points, the portion 
lying between the two synechie retracts so strongly under atropine that the 
pupil in this spot looks as if cut out in the form of a horseshoe. The fact, 
too, that posterior synechi# can be torn away by means of atropine is another 
one belonging in this connection. Without doubt, therefore, the existence of 
an active dilatation of the pupil must be conceded; but this, in accordance with 
anatomical facts, must be looked upon not as a muscular but as an elastic trac- 
tion. 

As is universally known, the color of the iris changes in the first years of 
life. Most children are born with a deep-blue iris. The stroma contains but 
little pigment and is still very thin, so that the posterior pigment-layer is seen 
through it, having a bluish look. With increasing age the stroma becomes 
thicker and thicker. If, while this is taking place, the pigmentation does not 
increase, the iris simply becomes of a light blue or gray; but if, simultaneously, 
there is an increase of the pigment of the stroma, the iris takes on a brown color. 
The transformation of a blue iris into a brown one is sometimes confined to a 
part of the membrane, so that a brown sector is seen in an otherwise light- 
colored iris. Moreover, the iris of one eye may be blue and that of the other 
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Fic. 48.—HorizonTau SECTION oF THE ORBIT. 
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brown. The color of the iris is always proportioned to the pigmentation of the 
rest of the body. The dark races always have a dark iris. 


(b) Ciliary Body. 

58. The ciliary * body is ‘brought into view when the eyeball is 
bisected, and the vitreous, the lens, and the retina are removed, so that 
the uvea is everywhere exposed. The spot where the retina is torn 
away anteriorly is marked by a jagged line—the ora serrata (0, 0, Fig. 
48). Corresponding to this there is a change in the coloration of the 
uvea, which behind this line is brown (chorioid), in front of it black 
(ciliary body; cf. Fig. 45, c). At the anterior margin of the black 
zone rise the ciliary processes, about seventy in number. ‘These are 
conspicuous not only on account of their projecting forward, but also 
because of their lighter color. This latter is an artificial effect; the 
ciliary processes are covered, like the rest of the ciliary body, with black 
pigment, which, however, in the process of removing the vitreous, is 
separated from the apices of the ciliary processes and leaves them of a 
light-gray color. The anterior zone of the ciliary body, bearing the 
ciliary processes, is called the folded part of the ciliary body—corona 
ciliaris (¢,, Fig. 48); back of this is the posterior part of the ciliary 
body—orbiculus ciliaris (o7)—which is smooth and of a uniform black 
color. 

If we strip off the entire uvea from the cornea and sclera, we get a 
view of the outer side of the ciliary body. This is covered by a layer 
of gray tissue—the ciliary muscle. 

Longitudinal sections (carried in a meridional direction, Fig. 47) 
are the ones best adapted for accurate study of the ciliary body. In 
such sections the ciliary body appears triangular. Its shortest side 
looks forward, and at about its center gives origin to the iris. The two 
long sides of the triangle look inward and outward. ‘The inner side 
bears the ciliary processes (P, Fig. 47), while the outer side is formed 
by the ciliary muscle (J). 


EXPLANATION oF Fia. 48.—The nasal wall of the orbit is formed by the lamina papyracea 
(os planum) of the ethmoid, L, the Jachrymal bone, 7, and the frontal process. J, of the su- 
perior maxilla. The last two bones bound the fossa sacci lacrimalis, in which lies the lachry- 
mal sac, S$. The bony walls of the orbit are coated by a periorbita (periosteum), P, from which 
the palpebral ligaments take their origin. The internal palpebral ligament, J, divides into an 
anterior limb, v, and a posterior limb. h, which together inclose the lachrymal sac. From the 
posterior limb arise the fibers of Horner’s muscle, H. le, external palpebral ligament: ji and 
fe, the slips of fascia, likewise originating from the periosteum, going to the internal rectus 
muscle, Z, and the external rectus, Z. The skin, N, of the dorsum of the nose passes into the 
lower lid, at whose free border are seen the cilia and the orifices of the Meibomian glands, m ; 
between the two extends a gray line, 7. At the inner extremity of the lid lies the inferior 
punctum lacrimale, p, and farther along in the conjunctival sac the caruncle, c, and the plica 
semilunaris, ». From the eyeball, the lower half of which is exhibited, the lens and along with 
it the vitreous humor have been taken out, and the pigment-epithelium has been removed by 
penciling. The anterior chamber, k, the iris, ir, and the ciliary body, consisting of the corona 
ciliaris, c,, and the orbiculus ciliaris, or, are visible. Back of the ora serrata, 0, 1s the chor ioid 
with its veins which are aggregated into vortices, v. jf, fovea centralis retina ; ¢),, central ves- 
sels of the optic nerve, O, entering it at e. 


* From cilia, lashes, because of the fine, radiating folds. The ciliary body is 
also called cyclon (hence cyclitis), from «vxAos, a circle. 
16 
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Microscopical Anatomy.—If we examine the separate layers of the 
ciliary body, proceeding from without inward, we first come upon the 
ciliary muscle. This was discovered by Briicke, and was denoted by 
the name of tensor chorioidee. It consists of two portions, distin- 
guished by the differing direction of their muscular fibers. (a) The 
external portion contains the longitudinal or meridional fibers—that is, 
those running from before backward (MV, Fig. 47). As these are the 
ones first discovered by Briicke, they are also called Briicke’s portion. 
The longitudinal fibers arise from the external fibrous tunic of the eye, 
at the boundary between the cornea and sclera (at /), and run straight 
backward to a point at which they gradually are lost in the external 
layers of the chorioid (Ch). (6) The second portion of the ciliary 
muscle lies to the inner side of the first, and contains those fibers which 
have a circular course, and which, hence, in sections made meridionally, 
are seen in cross-section (Mu, Fig. 47). They are designated as Mil- 
ler’s portion, from their discoverer, Heinrich Miller. The two varie- 
ties of fibers merge into one another repeatedly. 

The ciliary processes (P, Fig. 47) are placed upon the ciliary mus- 
cle. They consist of a connective-tissue stroma, which, along with 
branched pigment-cells, contains an extraordinary number of blood- 
vessels, so that the ciliary processes must be regarded as the most vas- 
cular portion of the entire eyeball. The inner surface of the ciliary 
body is covered by three layers. The first of these is a homogeneous 
membrane, the hyaline lamella of the ciliary body. Succeeding this is 
a layer of pigmented cells, the pigment-epithelium (pe); and, lastly, a 
single stratum of non-pigmented, cylindrical cells (pe) forming the 
most superficial layer—i. e., the one that adjoins the vitreous humor. 
The last two layers are the continuation of the retina, which here has 
become reduced to a double row of cells—i. e., a pigmented and a non- 
pigmented row, and they are hence called the pars ciliaris retine. 
All three layers pass over upon the posterior surface of the iris, the 
deepest layer, or hyaline membrane, being continued into the posterior 
limiting membrane of the iris, while the layers of pigmented and non- 
pigmented cells are converted into the two strata of the retinal pig- 
ment-layer of the iris (pars iridica retine, v and /). 

The place where the tris and the ciliary body are attached to the 
sclera deserves particular attention. We can readily convince ourselves 
that the iris does not arise from the sclero-corneal junction, but farther 
back, so that the most anterior portion of the sclera is still in the con- 
fines of the anterior chamber. The connection between the sclera and 
the root of the iris is made by means of loose tissue which arises at the 
margin of the cornea, and from this point extends backward to the root 
of the iris (Fig. 47,7). This tissue, which is called the liyamentum 
pectinatum, fills up the angle between the iris and the corneo-sclera, 
so that this angle is rounded off into a sinus—the sinus of the anterior 
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chamber. Histologically, the tissue of the ligamentum pectinatum is 
composed of superimposed lamellx, which start from the margin of 
Descemet’s membrane and run backward to a point at which a part of 
the longitudinal fibers of the ciliary muscle abuts against them. These 
lamelle, thin and perferated like a sieve, form, when superimposed, a 
spongy tissue. Directly to the outer side of them, just at the bound- 
ary between the cornea and sclera, is observed an open space (Fig. 47, s), 
corresponding to Schlemm’s canal, the inner wall of which is thus 
formed by the ligamentum pectinatum. 

The iris and ciliary body take part in the formation of the two 
chambers of the eye. The anterior chamber is bounded in front by the 
cornea, behind by the iris and in the region of the pupil by the an- 
terior capsule of the lens, and at its margins by the tissue of the liga- 
mentum pectinatum, beneath which lie Schlemm’s canal and the an- 
terior border of the ciliary body. Even under normal conditions the 
depth of the anterior chamber is variable. It is greatest in the eyes of 
the young, and diminishes with advancing age. Myopic eyes have a 
deep anterior chamber, hyperopic eyes a shallow one. EHvyen in the 
same eye the depth of the anterior chamber varies, as it becomes shal- 
lower during the accommodative act from the protrusion of the anterior 
surface of the lens. The posterior chamber is produced by the iris not 
being in contact with the capsule of the lens by its whole posterior sur- 
face, but only by its pupillary margin. ‘Thus an open space is left be- 
tween the iris and the lens, which increases in depth from the pupillary 
to the ciliary margin of the iris, and hence in cross-section has a trian- 
gular shape. This space, the posterior chamber of the eye, is bounded 
in front by the iris and to the outer side by the ciliary body, while its 
mner and posterior wall is formed by the lens (J, Fig. 47) and the 
zonule of Zinn (z,, Fig. 47), the latter bridging over the interspace 
between the lens and the ciliary body. The two chambers communi- 
cate only by means of the pupil. 


The ciliary muscle is composed of smooth muscular fibers, which do not 
present a compact mass but are disposed in flat bundles, which are separated 
by connective tissue, and which anastomose repeatedly with each other so as to 
form a sort of plexus. For this reason there is no well-marked separation be- 
tween the two portions of the ciliary muscle; on the contrary, the longitudinal 
fibers by a very gradual transformation become bent so as to take a circular 
direction. Those bundles which effect the transition from fibers of one diree- 
tion to those of another have been denoted by the name of radial bundles (7, 
Fig. 47). Like the longitudinal fibers they arise from the wall of Schlemm’s 
canal, but, unlike them, they do not extend outward and backward, but directly 
backward, and pass into the circular fibers. 

The proportion between longitudinal and circular fibers varies according to 
the refractive state of the eye. In hypermetropic eyes the circular fibers are 
strongly developed, while in myopic eyes they are present in much smaller num- 
bers (see § 145, and Figs. 151, 152, and 153). 
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The region of the angle (or sinus) of the anterior chamber demands particular 
consideration, both because of its complicated anatomical relations and also 
because of its importance with regard to the metabolic processes and the 
diseases of the eye. This region was studied in the eyes of animals before 
fore it was in human eyes, and hence names were selected at that time which 
are still in vogue, although they are not appropriate for the human eye. Thus 
Hueck introduced the name ligamentum pectinatum, because he found in the eyes 
of the Ungulata that, upon stripping the iris from the sclera, the tissue that 
united these parts projects in a series of ridges resembling the teeth of a comb, 
The triangular space between the sclera and the root of the iris which is filled 
by the ligamentum pectinatum is also called Fontana’s space, because Fontana 
was the first to describe the rather large cavities which are found in many ani- 
mals between the lamella of the ligamentum pectinatum, 

The ligamentum pectinatum is covered by the endothelial layer which 
passes over it from the posterior surface of Descemet’s membrane to the anterior 
surface of the iris. Through the gaps in the lamelle of the ligamentum pecti- 
natum the endothelium passes from the surface of the ligament into the deeper 
parts of it, and supplies all the lamelle and trabecule of this spongy tissue with 
an endothelial lining. 

When the iris and the ciliary body are stripped off from the corneo-sclera, 
the ligamentum pectinatum comes away with them. It thus shows the close 
interrelation between it and the uvea, a relation, moreover, that is also proved 
by embryology, according to which both the hgamentum pectinatum and its 
derivative, Descemet’s membrane, belong to the uvea. Hence, embryologically 
speaking, the uvea forms a perfectly closed hollow sphere, consisting of the 
chorioid, ciliary body, iris, ligamentum pectinatum, and Descemet’s membrane. 

By stripping off the uvea, together with the ligamentum pectinatum, from 
the corneo-scleia, an opening is made into Schlemm’s canal, the inner wall of 
which is formed by the ligamentum pectinatum. It is then visible as an open 
channel running along the boundary between the cornea and sclera—scleral 
channel. Besides this, the ligamentum pectinatum covers in a part of the an- 
terior surface of the ciliary body, which therefore, within these limits, like- 
wise belongs to the region of the anterior chamber. Hence inflammatory prod- 
ucts, and especially pus (under the form of hypopyon), may pass from the 
ciliary body directly into the anterior chamber, traversing the tissue of the lig- 
amentum pectinatum as they do so. New growths also sometimes take this 
path, starting from the ciliary body and growing forward into the anterior 
chamber in the region of its sinus. 

It was a good while before people got a correct idea of the anatomical rela- 
tions existing in the region of the anterior and posterior chamber, and even at 
the present time we very frequently find drawings which represent these rela- 
tions incorrectly, The existence of the posterior chamber was for a long time 
contested, it being supposed that the iris came into contact with the lens by its 
whole posterior surface. If this were the case, the anterior chamber would 
present quite a different shape, since it would have to be much deeper at its 
periphery than it is. This state of things is actually observed in those patho- 
logical cases in which the iris is adherent throughout by means of an exudate 
to the capsule of the lens. The iris is then found to be retracted at its periph- 
ery much more than usual (see Fig 60). The existence of a posterior cham- 
ber in the normal eye can be demonstrated by freezing a recently extracted eye: 
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upon opening it, we see a ring-shaped piece of ice (the frozen liquid of the pos- 
terior chamber) lying between iris and lens. 


(c) Chorioid. 

59. The chorioid * ig that part of the uvea which lines the posterior 
section of the eye from the ora serrata to the aperture for the optic 
nerve. If we observe it in situ, after opening the eyeball and removing 
the vitreous together with the retina, its inner surface appears smooth 
and uniformly brown. Then, if we try to strip it off from the sclera, 
we notice that at several spots it is attached more firmly than at others. 
The most intimate connection is at the margin of the aperture for the 
optic nerve; in addition, loose attachments exist in the places where 
vessels and nerves enter the chorioid from the sclera, and especially in 
the region of the posterior pole (region of the posterior ciliary arteries) 
and of the equator (venz vorticose). When, after tearing away these 
connections, we have separated the chorioid from the sclera, we get a 
view of the outer surface of the chorioid, which has a shaggy appear- 
ance on account of the shreds of membrane adhering to it. 

Microscopical Anatomy.—The chorioid consists of five layers, which 
succeed one another in the following order, proceeding from without 
inward : 

1. The suprachorioid (s, Fig. 49) consists of numerous fine non- 
vascular but richly pigmented lamelle lying between the chorioid 
proper and the sclera (sc). Upon stripping these latter apart these 
lamelle are torn in two, and are left hanging partly upon the inner 
surface of the sclera, partly upon the outer surface of the chorioid, 
which thus acquires the rough, shaggy aspect above mentioned. 

2. The layer of large vessels (Haller) (H, Fig. 49). These are 
chiefly veins, which are placed very close to each other and anastomose 
repeatedly. The intervals between the vessels (intervascular spaces) are 
richly supplied with pigment-cells (7), and are hence of a brown color. 
This layer, accordingly, gives the same appearance upon a surface-view 
as if we were looking at a plexus of bright lines (the vessels) upon a 
dark ground (Fig. 48). This is a picture which we often have the 
opportunity of seeing with the ophthalmoscope in the living eye (tes- 
selated fundus, see page 16 and Fig. 68). oN. 

3. The layer of medium-sized vessels (Sattler) (Fig. 49, S), which is 
very thin and but slightly pigmented. . 

4. The layer of capillaries (chorio-capillaris, or membrana Ruyschit 
—although it was not discovered by Ruysch—R, Fig. 49). This consists 


* From yxopwedhs—i. e., like the xépiov (= Lat., coriwm). This latter word sig- 
nifies “skin,” and not merely the epidermis, but also the envelope (chorion) of the 
embryo in utero; and, in fact, it is the latter that the chorioid resembles, from its 
abundant supply of vessels. This word is also erroneously written choroid or 
choroid. 
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almost exclusively of capillaries which have a very wide bore, and at 
the same time are so closely packed together that the interspaces be- 
tween the capillaries are often narrower than the capillaries themselves. 
This layer contains no pigment. 

5. The lamina vitrea (G, Fig. 49), a homogeneous membrane coat- 
ing the inner surface of the chorioid. 

We may briefly summarize the structure of the chorioid in the fol- 
lowing way: The chorioid consists mainly of vessels which are ar- 


Fic. 49.—CROSS-SECTION THROUGH THE CHORIOID. MAGNIFIED 175 x 1. 


The chorioid consists of the suprachorioid, s, the layer of Jarge vessels, H, the layer of medium- 
sized vessels, S, the chorio-capillaris, R. and the lamina vitrea, G. In the layer of large 
vessels are recognizable arteries, A, veins, V, and pigment-cells., p. The inner surface of 
the chorioid is covered by the pigment-epithelium, P, its outer surface by the sclera, sc. 


ranged according to their caliber in three superimposed layers, in such 
a way that the largest vessels lie farthest to the outside, the smallest 
vessels farthest to the inside. The purpose of this arrangement is 
easily comprehended, since the chorioid is in great part designed for 
the nourishment of the tissues lying to the inner side of it (retina and 
vitreous). Hence the minutest vessels, the capillaries, from which the 
nutrient plasma of the blood exudes, must lie upon the inner surface 
of the chorioid. The vascular part of the chorioid is covered on either 
side by a non-vascular layer—i.e., to the outside by the suprachorioid, 
to the inside by the lamina vitrea. All the layers of the chorioid, with 
the exception of the two innermost ones—the capillary layer and the 
lamina vitrea—contain pigment inclosed in branched pigment-cells 
(Fig. 50). To its abundant supply of pigment the chorioid owes its 
dark-brown color. The inner surface of the chorioid is covered by the 
pigment-epithelium (P, Fig. 49) which hes upon the lamina vitrea. 
This, too, was formerly reckoned in with the chorioid, because it re- 
mains attached to it after the retina has been stripped off ; embryologi- 
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cal researches, however, have shown that it really belongs to the retina. 
It consists of regularly hexagonal cells, each of which has an unpig- 
mented nucleus, while the protoplasm contains an abundance of pig- 
ment-granules (Fig. 51). From 
this the entire layer agquires a 
dark-brown color. 

The uvea in all of its parts is 
very rich in nerves. The ciliary 
nerves get to the uvea by pierc- 
ing the sclera near its posterior 
pole. They form in the chorioid, 
and particularly in the ciliary 
muscle, a dense plexus, in which 
numerous ganglion-cells are in- 
tercalated. The iris is also very 
rich in nerves, but contains no Fi. 50.—PicMENT-cELLS OF THE STROMA OF THE 

; tae CuHoRIo1p, MaGnirrep 400 x 1. 
ganglion-cells. The iris and the They are branched, anastomosing, connective- 
ciliary body contain, in addition ae ee ee ee 
to the motor nerves designed for 
the ciliary muscle and the muscular apparatus of the iris, a very great 
number of sensory nerve-fibers which arise from the trigeminus; hence 
inflammation of these parts is frequently attended with great pain. 
The chorioid, on the contrary, seems to possess no sensory nerves, since 
inflammation of this membrane runs its course without producing any 
sensations of pain. 


The chorioid is continuous with the flat part of the ciliary body (orbiculus 
ciliaris), which possesses essentially the same structure as the chorioid, and is 
distinguished from it only by a somewhat different arrangement of the blood- 
vessels, and also by the absence of the chorio-capillaris, 
which ends at the ora serrata. The difference in color 
between the brown chorioid and the black orbiculus 
(Fig. 48), so striking to the naked eye, is not referable 
to a difference in the pigmentation of this part of the 
uvea, but to a difference in the pigment-epithelium 

which covers it and which belongs to the retina. 
geet Nt EE All the pigment contained in such quantities in the 
poe MAGNIFIED interior of the eye belongs to two categories: 1. In the 
They are hexagonal epi- tissue of the uvea itself there are everywhere found 
thelial cells. with pig- branched cells, of the character of the connective-tissue 
ment-granules and an hae . f ; 
unpigmented nucleus. cells, containing pigment (Fig. 50). There are the pig- 
ment-cells of the stroma, and the pigment contained in 
them is called stroma pigment, or, because it lies in the uvea itself, uveal pig- 
ment. 2, The inner surface of the uvea is everywhere coated with a layer of 
pigmented cells, belonging to the retina and having the character of epithelial 
cells ( pigment-epithelium, Fig. 51). This pigment, which hence lies not in the 
uvea but to the inner side of it, is called the retinal pigment. 
These two kinds of pigment are further distinguished by their minute 
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structure. The pigment in the stroma-cells of the uvea consists of small amor- 
phous masses; but the pigment granules in the cells of the pigment epithelium 
are short, rod-shaped structures, which should probably be regarded as small 
crystals, such as occur, very distinctly marked, in some of the lower vertebrates. 

The pigmentiferous cells, including both those of the stroma and those of 
the pigment epithelium, are similar in all eyes, but the amount of pigment 
which they contain varies greatly. To this fact is due the inequality in the 
pigmentation of eyes; if the cells contain no pigment whatever, the eye is 
albinotic. 


II. CIRCULATION AND METABOLISM OF THE UVBEA. 


(a) Blood - Vessels. 


60. Three systems of blood-vessels exist in the eye—that of the con- 
junctiva, that of the retina, and that of the uvea (ciliary system of ves- 
sels). The arteries of the ciliary system are: 1. The posterior ciliary 
arteries. These arise from the ophthalmic artery, and enter the in- 
terior of the eye through the sclera in the region of the posterior pole. 
The majority of them pass at once into the chorioid (short posterior 
ciliary arteries, c,c, Fig. 52). Two of them, however (the long pos- 
terior ciliary arteries, d, Fig. 52), run, one on the outer side, the other on 
the inner side, between chorioid and sclera as far forward as the ciliary 
muscle Here each divides into two branches, which run in a direction 
concentric with the margin of the cornea, and unite with the branches 
of the artery of the opposite side to form an arterial circle, the circulus 
arteriosus iridis major (Fig. 52, h, and Fig. 47, a). This gives off the 
arteries for the iris, which extend radially from its ciliary to the pupil- 
lary margin (Fig. 52,7). Shortly before they reach the latter they form 
by anastomoses a second, smaller vascular circle, the circulus arteriosus 
iridis minor or the small circle of the iris (Fig. 52, &). 2. The anterior 
ciliary arteries come from in front, arising from the arteries of the four 
recti muscles (Fig. 52, ¢). They perforate the sclera near the margin of 
the cornea and assist in forming the circulus arteriosus iridis major. 
The short posterior ciliary arteries are therefore designed mainly for 
the chorioid, the long posterior ciliary arteries and the anterior ciliary 
arteries for the ciliary body and the iris. 

The arrangement of the veins is essentially different from that of 
the arteries. In the chorioid the capillary network of the chorio-capil- 
laries (Fig. 52, f) is fed by the arteries. The blood from this flows off 
through a very great number of veins that keep uniting to form larger 
and larger trunks, disposed in groups each comprising a number of 
veins which tend toward a common center. At this center a sort of 
vortex is produced by the veins coming together from all sides (Fig. 48 
shows a surface-view of two such vortices, v). These vortices, the num- 
ber of which amounts to four at least, usually more, lie somewhat be- 
hind the equator of the eye; from them are given off the yene vor- 
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ticose, which, perforating the sclera in a very oblique direction, carry 
off the blood to the outside (Fig. 52, 2). 


Fic. 52.—BLoop-VESSELS OF THE Eye (SCHEMATIC, AFTER LEBER). 


The retinal system of vessels is derived from the central artery, a, and the central vein. a, of 
the optic nerve, which give off the retinal arteries, b, and the retinal veins, b;. Tnese end 
at the ora serrata, Or. 

The system of ciliary vessels is fed by the posterior short ciliary arteries, c, c, the posterior long 
ciliary arteries, d, and the anterior ciliary arteries, e. From these arise the vascular net- 
work of the chorioidal capillaries, f, and of the ciliary body, g, and the circulus arteriosus 
iridis major, hk. From this last spring the arteries of the iris, 7, which at the smaller [inner] 
circumference of the latter form the circulus arteriosus iridis minor, k. The veins of the 
iris, 7), of the ciliary body, and of the chorioid are collected into the vasa vorticosa, l; those 
veins, however, that come from the ciliary muscle (m) leave the eye as anterior ciliary 
veins, e,. With the latter, Schlemm’s canal, n, forms anastomoses. 

The system of conjunctival vessels consists of the posterior conjunctival vessels, 0 and 0,. These 
communicate with those branches of the anterior ciliary vessels which run to meet them— 
that is. with the anterior conjunctival vessels, p—and form with these the marginal loops of 
the cornea, g. O. optic nerve ; S, its sheath ; Sc, sclera; A, chorioid ; N, retina ; L, lens ; 
H, cornea ; #, internal rectus ; B, conjunctiva. 
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In the ciliary processes the arteries break up into a great number 
of twigs, which pass over into thin-walled veins (g, Fig. 52). These 
constitute the greater part of the ciliary processes, which, accordingly, 
consist mainly of vessels. The larger veins which are formed by the 
union of these vessels, and also most of the veins of the ciliary muscle 
pass backward to the vene vorticose. The veins that come from the 
iris (7,, Fig. 52) likewise pass to the ven vorticose. Hence almost all 
the venous blood of the uvea empties into the latter. A portion of the 
veins coming from the ciliary muscle (m, Fig. 52), however, take an- 
other course, as they pass out directly through the sclera and thus come 
into view beneath the conjunctiva, near the margin of the cornea (an- 
terior ciliary veins, Fig. 52, ¢,). In their course these correspond to 
the anterior ciliary arteries; it is they that principally constitute the 
violet vessels which we see running backward beneath the conjunctiva 
in ciliary injection or in congestion within the eyeball (glaucoma). 
The anterior ciliary veins anastomose with the conjunctival veins, and 
also with Schlemm’s canal. The latter is a venous sinus running 
along the sclero-corneal junction (Fig. 52, 2; Fig. 47, s). 


(6) Lymph-Passages. 

61. If we disregard the conjunctiva, there are no lymphatic vessels . 
in the eye. They are replaced by lymph-channels and lymph-spaces. 
We distinguish the lymph-passages into anterior and posterior. 

1. Anterior Lymph-Passages.—The lymph of the anterior section of 
the eye is collected into two large lymph-spaces—namely, the anterior 
and the posterior chambers—which communicate by means of the 
pupil. The outflow of lymph from these spaces takes place by its dis- 
charge from the posterior chamber through the pupil into the anterior 
chamber; thence it filters through the mesh-work of the hgamentum 
pectinatum into the subjacent Schlemm’s canal (Fig. 53, 8), and from 
there gets into the anterior ciliary veins (c) with which Schlemm’s 
canal is in direct communication. 

2. Posterior Lymph-Passages.—These are as follows: (A) The hya- 
loid canal, or central canal of the vitreous (Fig. 53, #), which extends 
from the point of entrance of the optic nerve forward as far as the 
posterior pole of the lens. During the development of the eye this 
canal lodges the hyaloid artery, which in the fully formed eye disap- 
pears, while the canal remains. It has its outlet in the lymph-spaces of 
the optic nerve. (B) The perichorioidal space (p, Fig. 53) is the space 
between the chorioid and sclera. It is continued along the vessels which 
pass through the sclera, especially the vene vorticose (v), and thus 
communicates with (C) Tenon’s space (Fig. 53, ¢, ¢), which lies between 
the sclera and Tenon’s capsule. The outflow of lymph from all these 
spaces takes place into the lymph-passages, which spread out along the 
optic nerve. These latter are (D) the intervaginal space, which is 
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found beneath the sheaths of the optic nerve (i, Fig. 53), and (E) the 
supravaginal space, which surrounds the sheaths of the optic nerve. 
By far the greatest amount of lymph leaves the eye through the 
anterior lymph-passages. These, therefore, are the more important ; 
their impermeability leads to serious changes in the eye (glaucoma), 
while up to the present time nothing certain is known in regard to 
disturbances of the function of the posterior lymph-passages. . 


[ . 
IT 
Fic. 53.—LYMPH-PASSAGES OF THE EYE. SCHEMATIC. 


S, Schlemm’s canal; c, anterior ciliary veins ; h, hyaloid canal; p, perichorioidal space, which 
communicates by means of the ven vorticose, v, with Tenon’s space, ¢, tf; s, supravaginal 
space ; 7, intervaginal space ; e e,, continuation of Tenon’s capsule upon the tendons of the 
ocular muscles (lateral invagination). 


‘The blood-vessels and lymph-passages of the eye, the abundance of which 
corresponds to the active metabolism going on in the eyeball, belong for the 
most part to the region of the uvea. It is this fact which determines the part 
played by the latter; for, while the firm corneo-sclera serves for the protection 
of the eye exteriorly and the retina for the perception of light, to the uvea is 
allotted the task of providing for the nourishment of the eyeball. Such is the 
abundance of blood-vessels which it contains that it really consists mainly of 
them; and by this fact its great tendency to become inflamed is accounted for. 

The separate branches of the ciliary system of vessels anastomose repeatedly 
with each other—a circumstance which favors the compensation of circulatory 
disturbance. Thus, for instance, in glaucoma, in which the outflow of venous 
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blood through the vene vorticose is impeded, we see the anterior ciliary veins 
taking their place and carrying off larger quantities of blood than usual. 

The ciliary vessels likewise supply the sclera with blood, giving off a few 
minute twigs to it as they pass through it. The number of blood-vessels in the 
sclera, however, is very small. Neveretheless, in the immediate neighborhood 
of the entrance of the optic nerve, from two to four branches of the short pos- 
terior ciliary arteries enter the sclera and form in it by anastomoses an arte- 
rial ring, Zinn’s scleral circle of vessels, surrounding the foramen for the optic 
nerve. This is of importance for the nutrition of the optic nerve, because 
numerous little branches go from it to the optic nerve and its sheaths, and anas- 
tomose with the branches of the central artery of the nerve. It is here, then, 
that the only connection between the ciliary and the retinal system of vessels 
exists. 

We owe our knowledge concerning the lymph-passages chiefly to Schwalbe. 
For their study we make use of injections into the tissue of the dead and also 
of the living eye. Thus we find in what directions fluids penetrate most readily 
in and between the tissues of the eye. But to justify us in regarding the spaces 
thus exhibited as lymph-passages, proof must also be brought to show that they 
are coated by a continuous layer of endothelium; and this, too, Schwaibe has 
established in the lymph-spaces which he discovered. 


(c) Nourishment of the Eye. 

62. The secretion of the fluids of the eye, and also the nourishment 
of its tissues, take place mainly through the vessels of the uvea. 

The aqueous humor is a limpid liquid, which in the normal state 
contains only an excessively small amount of albumin. It is produced 
by the iris and the ciliary processes, the latter playing the more im- 
portant part in the process; for, in cases of congenital or acquired defi- 
ciency of the iris, the aqueous is still secreted in normal amount. The 
aqueous secreted by the ciliary processes arrives first into the posterior 
chamber, from which it enters through the pupil into the anterior 
chamber. Here it again leaves the eye by way of the ligamentum pec- 
tinatum and Schlemm’s canal. The secretion of aqueous appears to take 
place quite rapidly, so that it is continually renewed. We can see this 
from the quickness with which any abnormal matter—e. g., blood—con- 
tained in the anterior chamber disappears from it. Still more quickly 
does the secretion of aqueous go on when the latter has been evacuated 
—e. g., by puncture of the cornea. The anterior chamber is restored 
as early as a few minutes afterward, as we have frequent opportunity of 
observing during operations. The rapid reproduction of aqueous is 
favored by the fact that after its escape the ocular tension is reduced 
much below the normal. Hence the blood pours in greater quantity 
into the vessels of the iris and ciliary body, thus relieved of their ex- 
ternal pressure, and these expand proportionally and allow fluid to 
transude from them in greater abundance. 

The cornea is nourished mainly by the network of marginal loops 
of the limbus, and to a small extent also by the aqueous humor which 
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makes its way into it by diffusion. The other two non-vascular tissues 
of *he eye, the Jens and the vitreous, are entirely dependent upon the 
uvea for their nourishment. They obtain nutrient material mainly 
from the ciliary body, perhaps also from the anterior section of the 
chorioid. Hence in diseases of these parts we very frequently see 
cloudiness of the lens and cloudiness and liquefaction of the vitreous, 
making their appearance as an expression of the disturbance in the 
nutrition. ‘The process of tissue metamorphosis in the lens appears to 
be very slow, since pathological changes in it (opacities) often either re- 
main stationary for an exceedingly long time or extend but slowly. The 
retina, it is true, has its own vessels, which, however, are situated sim- 
ply in its inner layers and do not suffice for its nourishment. The 
retina, therefore, especially in its outer layers, is dependent upon the 
chorioid, whose chorio-capillaris indeed is almost directly adjoining. 
The chorio-capillaris, furthermore, must be credited with accomplishing 
the continual regeneration of the used-up visual purple. 


(d) Intra-ocular Pressure. 

63. For the purpose of simplifying the study of the conditions of 
pressure, we may leave the lens out of consideration, and think of the 
eyeball as a capsule filled with fluid. The capsule is the fibrous cor- 
neo-sclera, which has only a very small degree of elasticity. The fluid 
contained in the capsule exerts upon the inner surface of the latter a 
pressure which, in accordance with the laws of hydrostatics, is trans- 
mitted with the same intensity in every direction, and hence presses 
with the same weight upon every unit of surface of the wall. A square 
millimetre of the posterior surface of the cornea has therefore the 
same pressure to bear as a square millimetre of any portion of the 
sclera. 

The intensity of intra-ocular pressure depends upon the relation 
between the capacity of the capsule and the amount of its contents. 
If the former becomes smaller or the latter greater, the pressure rises, 
and vice versa. Under physiological conditions, the capacity of the 
capsule—i. e., the volume comprised by the cornea and sclera—undergoes 
such inconsiderable variation that it may be neglected, and the capacity 
regarded as constant. ‘The variations in intra-ocular pressure are hence 
referable to changes in the amount of matter contained in the eyeball, 
which may be increased or diminished. For example, the pressure at 
once sinks considerably when the aqueous has been evacuated by punct- 
ure of the cornea. 

Those portions of the contents of the eyeball whose amount is vari- 
able are the aqueous, the vitreous, and most of all the blood that circu- 
lates in the vessels of the inner tunics of the eye. Every increase or de- 
crease of blood-pressure in these vessels must result in a corresponding 
change in the ocular tension. Other causes, too, such as changes in the 
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form and volume of the iris and ciliary muscle, the pressure of the lids 
and of the exterior muscles of the eye upon the ball, etc., can alter it. 
One might therefore be inclined to believe that it was subject to con- 
siderable variations. But, on the contrary, observation teaches us that 
the intra-ocular pressure under normal conditions is pretty constant. 
In fact, a regulation of the tension is effected by the circumstance that 
the outflow of the fluid of the eye through the lymph-channels (excretion) 
changes in such a way that variations of pressure are at once compen- 
sated for. For example, the pressure in the whole vascular system, and 
consequently in the eye as well, may be elevated as the result of great 
muscular effort. The intra-ocular pressure is thus heightened; but 
proportionately more of the intra-ocular fluids which are subjected to 
this increased pressure are forced out of the eye through the excre- 
tory channels, so that the pressure very soon sinks again to its normal 
level. The converse would occur in a case in which the pressure has 
been diminished (e.g., in consequence of an escape of the aqueous 
humor); then more blood flows into the vessels of the uvea, now sub- 
jected to less pressure, and a more copious outflow of fluids into the 
interior of the eye (secretion) is the result. But at the same time the 
outflow of ocular fluids through the lymph-channels (excretion) is 
diminished, because the pressure to which the ocular fluids are sub- 
jected is less. In this way the normal pressure is very soon restored. 

The practical estimation of the tension of the eye is performed by 
palpating the eyeball through the closed lids, just as if we were intend- 
ing to test for fluctuation. Even under normal conditions the ocular 
tension varies within certain limits in different individuals ; in general, 
the eyes of elderly persons feel harder than those of the young. Hence 
very slight pathological changes of tension can only be recognized with 
certainty as morbid, when we can make use of the second, normal eye 
of the same man for purposes of comparison; greater alterations of 
pressure, however, make themselves evident at once. It has been 
agreed to denote the normal tension by the expression 7 (7' = tension 
or tone). Of increased tension (hypertonia) we distinguish three de- 
grees: 7-+1, 7+ 2, and 7'+3, which are arbitrarily selected, and 
indicate approximately : tension noticeably increased—greatly increased 
—hard as stone. Similarly, we employ for diminished tension (hypo- 
tonia) the designations 7’— 1, 7’— 2, and 7'— 3. 


The intra-ocular pressure plays an important part both under physiological 
conditions and also in diseases of the eye, and has hence been the subject of 
numerous investigations, chiefly experimental. For its exact measurement a 
manometer has been employed, one arm of which is connected with a cannula, 
the other being introduced into the eye. In this way it has been found that in 
the healthy human eye the average pressure equals that of a column of mercury 
twenty-six millimetres high ; under pathological conditions (glaucoma) the 
pressure may exceed seventy millimetres (Wahlfors), This method of meas- 
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urement, however, is practically inapplicable on account of its being dangerous 
for the eye. Tonometers of various construction have therefore been devised, 
which measure the intra-ocular pressure by being simply placed upon the eye 
and impinging against it ; but none of these instruments have so far found 
their way into practice. 

In the assumption above made, that the eyeball is represented by a capsule 
filled with liquid, the lens and its retaining ligament, the zonula of Zinn, are 
left out of consideration, These two together form a diaphragm dividing the 
interior of the eyeball into a smaller anterior and a larger posterior section. 
It is hence possible that the pressure is not the same throughout the whole in- 
terior of the eye, as is assumed above, but that its action is different in the 
anterior chamber from what it is in the cavity of the vitreous, since the dia- 
phragm bears a part of the pressure, Under ordinary circumstances, to be 
sure, this is not the case, since the zonula, owing to its elasticity, gives way 
toward the side of less pressure, and hence, in general, the pressure in all parts 
of the eye may be regarded as equally great. Nevertheless, a difference in 
pressure may be developed when the zonula is tightly stretched, as is the case, 
for example, immediately after the evacuation of the aqueous, when the lens 
pushes forward to the cornea and so tightens the zonula. Then the pressure in 
the anterior chamber is practically nothing, while the pressure in the vitreous 
maintains a certain height. In this case the difference in pressure induces in- 
creased filtration of fluid from the vitreous in the anterior chamber—a circum- 
stance which contributes to the more speedy replenishment of the chamber, and 
at the same time causes the liquid which collects again to be more albuminous 
than that which has been evacuated. In this way is the fact accounted for that 
even in the dead eye the anterior chamber fills up again within a short time 
after the aqueous has been evacuated, this being effected by means of the fluid 
that passes into it from the vitreous (Deutschmann). Repeated punctures of 
the anterior chamber, therefore, cause more rapid tissue-metamorphosis in the 
vitreous, and hence prove useful in many cases of disease of the latter. 

With regard to the nourishment of the Jens, it is assumed that nutrient 
material starting from the ciliary body and the anterior part of the chorioid 
enters it in the region of its equator. Inside of the lens the fluid circulates 
probably in clefts which lie between the fibers of the lens in the anterior and 
posterior cortical layers, and which under pathological conditions may become 
visible as stellate opacities. The lymph leaves the lens probably through the 
anterior capsule and empties into the anterior chamber (Samelsohn). This is 
conjectured from observations of which I will adduce one made by myself. A 
locksmith’s apprentice had a small fragment of iron pass through his cornea into 
the lens. No inflammation resulted, but an opacity of the lens developed, and 
this gradually assumed a yellowish-green color, This was referable to the 
gradual oxidation of the iron fragment and to the diffusion of the oxide thus 
formed throughout the lens. Then a circle of rust-colored points, correspond- 
ing approximately to the margin of the dilated pupil, formed upon the poste- 
rior surface of the anterior capsule. We may conclude from this that the liquids 
circulating in the lens usually left the latter at these points, and in 50 doing 
carried with them comparatively large quantities of the iron oxide, which be- 
came fixed in the lens capsule. ’ 

As regards the retina, various facts indicate that it is likewise dependent in 
part for its nourishment upon the chorioid, and particularly upon the most an- 
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terior layer of the latter—i.e., the chorio-capillaris. This layer extends for- 
ward only as far as the retina itself, or at least its complicated structure, does— 
that is, as far as the ora serrata. Again, at that spot where the retina displays 
its functions most actively—i. e., in the region of the macula lutea—the capillary 
loops of the chorioid are most densely disposed ; and, lastly, there are many ani- 
mals in which the retina has no vessels whatever, and hence evidently can be 
nourished only by the chorioid. The outflow of lymph from the retina takes 
place through the lymph-sheaths surrounding the retinal vessels. 


III. PARTICIPATION OF THE UVEA IN THE VISUAL ACT. 


64, The irzs forms a diaphragm, which, as in the case of many opti- 
cal instruments, is interposed between the refracting portions of the 
eye. It has a double task to perform: it prevents an excessive amount 
of light from entering the eye and so dazzling it and injuring the retina, 
and it cuts off the marginal rays. If these rays that pass through the 
periphery of the cornea and of the lens, and which, being less regularly 
refracted, would impair the sharpness of the retinal image. In order 
to be perfectly impermeable to light, the iris has a pigment-layer on its 
posterior surface. The iris has the advantage over the artificial dia- 
phragms of optical instruments that its size is variable and can be 
adapted to circumstances. For this purpose there exist contracting 
fibers (sphincter pupillz) and dilating fibers (posterior limiting mem- 
brane). Moreover, the vessels of the iris must be considered as also 
taking part in this process, since by their distention the iris becomes 
broadened and the pupil consequently contracted, and vice versa. 

The contraction of the pupil is governed by the oculo-motor nerve, 
which supplies the sphincter pupille (and also the ciliary muscle) 
through the ciliary ganglion and the ciliary nerves. By stimulation 
of the oculo-motor nerve, contraction of the pupil is produced; by its 
section or paralysis, dilatation of the pupil. 

Dilatation of the pupil is dependent upon the sympathetic, which 
derives the fibers destined for the pupil from the cilio-spinal center of 
the cervical spinal cord. Irritation of this center or of the cervical sym- 
pathetic produces dilatation, and paralysis of it contraction of the pupil. 

The reaction of the pupil takes place involuntarily and uncon- 
sciously. It is either reflex, in which case the stimulus is transmitted 
from centripetal nerve-channels to the nerves of the iris, or it is asso- 
ciated, in which case the pupillary fibers of the oculo-motor nerve are 
set into action simultaneously with other fibers of the same nerve. 

The stimulus to reflex reaction of the pupil is set in action— 

1. By light. This produces contraction of the pupil, while con- 
versely in the dark the pupil dilates. The reflex arc in this case 
passes through the optic nerve to the nucleus of the oculo-motor nerve 
and along the latter to the eye. The reaction for light always affects 
both eyes—i. e., if the light falls into one eye alone, the pupil of the 
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other eye also always contracts (consensual reaction). The reaction 
takes place in both eyes in exactly the same way—that is, appears at 
the same time and reaches the same pitch. The reaction of the pupil 
to light is exceedingly sensitive, and is employed with great advantage 
to determine objectively whether an eye has any sensation of light or 
not (particularly in children, malingerers, etc.). 

2. Toward sensory stimuli, no matter what part of the body they 
affect, the pupil reacts by dilating. Hence, in deep sleep, and also in 
profound narcosis, in which sensory stimuli no longer produce reflexes, 
the pupil is very much contracted; dilating, however, the moment that 
waking from the sleep or from the narcosis occurs. Strong psychic 
stimuli—e. g., fright—in like fashion produce dilatation of the pupil. 

The associated reaction of the pupil always consists of a contrac- 
tion. It occurs— 

1. In convergence (synergy with the internal recti). 

2. In accommodation (synergy with the ciliary muscle). Since 
under physiological conditions every act of accommodation is accom- 
panied by a corresponding convergence, and the contraction of the 
pupil keeps pace with both, we have here as a regular thing a uniform 
consentaneous action of the sphincter pupille, the-ciliary muscle, and 
the internal rectus. These muscles are all supplied by the oculo-motor 
nerve, so that their associated action depends upon a simultaneous 
excitation of those bundles of fibers of this nerve which supply them. 
This simultaneous excitation is facilitated by the fact that the groups 
of ganglionic cells from which these three bundles of fibers arise le in 
immediate juxtaposition in the brain—that is, in the most anterior part 
of the oculo-motor nucleus (see Fig. 54, and § 123). 

Since the pupil reacts to stimuli of so many kinds and varying so 
greatly in degree, it is in a state of constant motion. It oscillates on 
both sides of a mean width, which is always the same for both eyes. 
Inequality of the pupils is always a pathological phenomenon. The 
mean width of the pupil differs with the individual and also alters with 
the age. Very greatly contracted in new-born infants, the pupil soon 
becomes more dilated, and then becomes smaller again in manhood, 
and still more in old age. In old people also the reaction of the pupil 
becomes sluggish, in consequence of the unyielding character of the 
tissue of the iris, and especially of the sphincter (rigidity of the 
sphincter). 

65. Reaction of the Pupil to Poisons.—There is a series of alka- 
loids which produce either dilatation of the pupil (mydriasis) or its 
contraction (miosis).* These substances are accordingly distinguished 


* From pelwots, contraction: hence miosis, and not myosis, as it is generally 
written (Hirschberg). The derivation of pv3placis is uncertain, This word was 
already used by the ancients to signify dilatation of the pupil, and also the blind- 
ness that was so frequently associated with it. 
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into mydriatics and miotics. They always act upon the ciliary muscle 
in the same manner as upon the sphincter iridis. The most important 
of the mydriatics is atropine, the most important of the miotics are 
eserine and pilocarpine. 

1. Atropine paralyzes the sphincter and the ciliary muscle, and 
hence results in dilatation of the pupil and also in inability to see 
clearly near by. ‘he dilatation of the pupil is a maximum one. If, 
in the case of a dilatation of the pupil caused by oculo-motor paralysis, 
atropine is instilled, the pupil becomes still more dilated. ‘This proves 
that atropine, besides producing paralysis of the contracting fibers, 
causes also stimulation of the dilating fibers. The effect of the atro- 
pine makes its appearance in from ten to fifteen minutes after the in- 
stillation, and soon reaches its maximum. Commencing with the third 
day it begins to decrease again, but does not disappear completely until 
after the lapse of a week. ‘The instillation of atropine, therefore, causes 
the patient a disturbance of pretty long duration, and hence should be 
employed only when there is good reason for it. 

In practice, a one-per-cent solution of sulphate of atropine is most 
frequently employed. If it is desired to obtain a particularly intense 
effect, a granule of the atropine salt in substance is placed in the 
conjunctival sac, where it is dissolved by the tears, and affords a con- 
centrated solution. In this case we must be on the lookout for 
symptoms of general poisoning, which do not ordinarily develop with 
the instillation of the one-per-cent solution. These symptoms consist 
in a troublesome sense of dryness in the throat, nausea, reddening of 
the face, and subsequently faintness, or even loss of consciousness, and 
acceleration of the pulse. In case of marked poisoning also the pupil 
of the other eye, which has not been treated with atropine, is dilated. 
The poisoning is effected by the entrance of the atropine into the nose 
along with the tears and its absorption in excessive quantity by the 
nasal mucous membrane. Hence we may preclude the development of 
poisonous symptoms, especially in applying atropine in substance, by 
preventing the tears from running down into the nose. For this pur- 
pose we draw the lower lid for a short time away from the eyeball, so 
that the tears are poured out upon the cheek, or we compress the lach- 
rymal sac with the finger. In serious cases of poisoning, a subcutane- 
ous injection of morphine is indicated as the antidote. 

We are not to conceive of the action of atropine upon the pupil in 
the same light as if it had got by absorption into the circulation, as 
is the case when it is administered internally. For in this case tho 
pupils of both eyes would necessarily be dilated, while, as a matter of 
fact, the dilatation of the pupil occurs only on the side in which the 
instillation has been made. ‘The action, accordingly, is a local one, and 
takes place from the atropine passing through the cornea by diffusion 
and getting into the aqueous humor so as to act directly upon the iris. 
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We can prove this by a simple experiment, by dropping atropine into 
one eye, and, as soon as the pupil has dilated, evacuating the aqueous 
by paracentesis. If, then, this aqueous is introduced into the other 
eye, it excites a dilatation of the pupil in the latter—a proof that it con- 
tains atropine. In a similar way is the action of the other mydriatics 
and miotics upon the iris to be explained. 

2. Eserine (also called physostigmine) has an action exactly the 
opposite of that of atropine, since it places the iris and the ciliary 
muscle in a state of tonic contraction. Consequently, miosis develops 
so that the pupil is about the size of a pin’s head, with adjustment of 
the eye for the near point, as if marked myopia were present. We 
generally apply sulphate of eserine in one-per-cent solution. This 
solution, when freshly prepared, is colorless, but after some days be- 
comes red, although without losing its activity. The instillation of 
eserine produces, simultaneously with the changes in the iris, a feeling 
of great tension in the eye, and often also headache and even nausea, 
so that with many persons it can not be employed. For this reason 
hydrochloride of pilocarpine, prescribed in a one- to two-per-cent solu- 
tion, is recommended as a miotic for ordinary use. Its solution keeps 
better than that of eserine, and does not act as powerfully as the latter, 
but is not accompanied by any unpleasant complications. Eserine is 
best reserved for those cases in which pilocarpine is ineffectual. 

The action of miotics is of shorter duration than that of the mydri- 
atics, and is also less powerful. Hence a pupil contracted by eserine or 
pilocarpine can be dilated by atropine, but a pupil dilated by atropine 
can not be contracted by a miotic. 

3. Cocaine dilates the pupil, and hence would seem to call for men- 
tion in this place, although, strictly speaking, it does not belong to the 
mydriatics proper—that is, the dilatation of the pupil by cocaine is not 
produced, as in their case, by its action upon the contracting or the di- 
lating fibers of the iris, but by a contraction of the blood-vessels of the 
iris. The dilatation of the pupil is therefore only a moderate one, and 
the reaction of the pupil to light persists; moreover, mydriatics and 
miotics still produce an effect. If cocaine is instilled into an eye the 
pupil of which has been dilated by atropine, the dilatation increases 
somewhat in consequence of the anemia of the iris which then ensues ; 
hence the mydriasis produced by the simultaneous action of atropine 
and cocaine is the most considerable that can possibly be attained. 
The accommodation is not paralyzed by cocaine, but only somewhat 
weakened. 

Besides acting upon the iris, cocaine produces also the following 
effects: The conjunctiva becomes very pale, and at the same time the 
patient has a feeling of cold in the eye. The palpebral fissure 1s more 
widely open and the act of winking is less frequent, so that the cornea 
may readily become dry upon its surface. Sometimes the eye is pro- 
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truded somewhat forward, and the intra-ocular tension slightly dimin- 
ished. The practically important phenomenon, however, is the anzxs- 
thesia shown by the superficial tissues of the eye (cornea and con- 
junctiva). 

The effects of cocaine are best explained upon the assumption that 
it acts as a stimulant to the fibers of the sympathetic. The contraction 
of the vessels thus produced causes the paleness of the conjunctiva, and 
also the diminution in size of the iris. The contraction of the superior 
and inferior palpebral muscles (see § 106), which are also supplied by 
the sympathetic, is the cause of the dilatation of the palpebral fissure. 
Whether the anesthesia of the surface of the eyeball is to be referred 
to its bloodless state or not, has not yet been determined with certainty. 
Owing to this anesthesia the reflex movements of the lids are abrogated. 

Cocaine was introduced into ophthalmology by Koller, and is em- 
ployed under the form of the hydrochloride in a two- to five-per-cent 
solution. Its most frequent use is to produce anesthesia for the per- 
formance of operations (see § 152); in addition, it is instilled to ame- 
liorate the pain in superficial inflammations, especially of the cornea, 
and also to diminish photophobia and blepharospasm. It may also be 
employed to dilate the pupil for examination with the ophthalmoscope. 


Besides the physiological forces (muscular and elastic fibers) which alter 
the width of the pupil, there are purely mechanical factors which require con- 
sideration in this connection. This is the case, for instance, with the contraction 
of the pupil that regularly occurs when the aqueous escapes. This contraction 
is of practical importance in the performance of many operations. When, for 
instance, we perform discission of cataract through the cornea, we take care 
not to let the aqueous escape, since the consequent contraction of the pupil 
would expose the iris to greater pressure from the swelling lens. That this 
contraction owes its origin to purely mechanical causes, is deduced from the 
fact that it occurs even in the eye of a dead man when the aqueous is evacuated. 

Dilatation of the pupil manifests itself by a sense of dazzling. Sometimes 
the patients also allege that objects appear smaller (micropsia). This phenome- 
non, however, does not depend upon the dilatation of the pupil, but upon the 
paralysis of accommodation, which is generally present at the same time, and_is 
therefore also observed when the latter alone is present. (For its explanation, 
see under paralysis of accommodation, § 151.) Conversely, in contraction of 
the pupil, sometimes—i. e., if spasm of accommodation is at the same time 
present—objects appear larger (macropsia). Moreover, obscuration of vision is 
often complained of, because less light enters the eye through the contracted 
pupil. In very marked miosis, whether occurring after the employment of 
miotics or appearing spontaneously (e. g., as the result of tabes), the pupil is 
frequently found to be irregular and slightly angular, although no synechize 
exist. 

The reaction of the pupil to light is a very valuable sign of the existence of 
perception of light: in the first place, because it is exceedingly sensitive; and, 
secondly, because it demonstrates the existence of perception of light independ- 
ently of the statements of the patient. Its usefulness is still further enhanced 
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by its disclosing in the pupils of both eyes (through the consensual reaction) 
the perception of light by one eye. How is this consensual reaction effected ? 
From the retina of each eye (e. g., the right eye, R, Fig. 54) fibers pass through 
the chiasm partly into the right, partly into the left optic tract (Fig. 54, 7 and 
T;). From these the stimulus is transmitted directly to both right and left 
oculo-motor nucleus (K and Aj); then each nucleus sets up a contraction of 
the pupil on its own side. The consensual reaction, therefore, is really as direct 
as is the pupillary reaction of the illuminated eye itself. 

The connection between the oculo-motor nuclei of the two sides furthermore 
serves to maintain the simultaneity of their action. The result of this is that under 
normal conditions both pupils must be of equal diameter, even if only one of the 
eyes is exposed to the impact of light, or if the sensitiveness of the two eyes to 
light is different. Inequality of the pupils (anisocoria) is always pathological. 
For the reasons given it can never take its origin from the centripetal fibers 
(optic-nerve fibers), but is always caused by a disturbance in the centrifugal 
channels (oculo-motor nerve and its center). 

In testing the perception of light by the reaction of the pupils, we must not 
lose sight of the fact that there are cases in which, although the perception of 
light is present, the reaction is absent; and, conversely, cases in which, with 
good reaction, there is yet no perception of light. 

(2) The cases in which the pupil does not react to light, although the per- 
ception of light is present, are frequent. The iris may be paralyzed either arti- 
ficially by mydriatics, or by disease, such as oculo-motor paralysis or paralysis 
of the nerves of the iris due to increase of tension or to inflammation. In the 
same category belong those cases in which the iris is mechanically prevented 
from moving by adhesions to the posterior capsule of the lens or to the cornea. 
Tn all these cases, however, consensual reaction of the pupil takes place in the 
other eye, provided that that is healthy. The test for the perception of light 
in such a case, then, would be performed by alternately exposing to light and 
screening the eye to be tested, and meanwhile watching the pupil of the other 
eye for any movements that it might make. The absence of the reaction to 
light can also be caused by an interruption in the course of the reflex are. 
This occurs in spinal diseases, and most of all in tabes dorsalis. In these cases 
the pupil is either found to be perfectly immobile, or its reaction for accommo- 
dation and convergence is retained, while the reaction for light has disappeared 
(Argyll-Robertson phenomenon). In the latter case the reflex arc running from 
the optic nerve to the oculo-motor nucleus is interrupted (in Fig. 54, some- 
where between S and K—e. g., at m), while the connections of the centers for 
the pupil, for accommodation, and for convergence, which adjoin each other in 
the oculo-motor nucleus, are undisturbed. The reflex immobility of the pupil 
in tabes dorsalis is generally combined with a marked contraction of the pupil 
(so-called spinal miosis), but it also is found at times with a normally wide or 
even with a dilated pupil. 

(b) It also happens that the reaction of the pupil to light is present, with- 
out there being any perception of light. This occurs when the lesion is situ- 
ated high up in the optic tract. The fibers of the optic nerve ascend to the 
cerebral hemispheres and terminate in the cortex of the occipital lobe (L, Fig. 
54). But, some time before this takes place, those fibers (7) of the reflex arc, 
which pass to the center for the pupillary movements, branch off from the 
optic tract. If, then, the optic tract is interrupted above the place where they 
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are given off (e. g., at ee), stimulation of the optic.nerve-fibers no longer reaches 
the cerebral cortex and hence excites no perception, and yet the pupillary re- 
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Fie. 54.—ScuemMATic REPRESENTATION OF THE Optic TRACTS. 


The field of vision common to the two eyes is composed of a right half, @, and a left half. @,. 
The former corresponds to the left half, / and J), of the two retinas, the latter to the rignt 
half, 7 and 7,;.. The boundary between the two halves of the retina is formed by the vertical 
meridian. This passes through the fovea centralis, f, in which the visual lines drawn from 
the fixed point, /’, impinge upon the retina. The optic nerve-fibers arising from the right 
half, r and r,, of the two retinae (indicated by the dotted line) all pass into the right optic 
tract, 7, while the fibers belonging to the left half, 1 and /,, of the two retinee pass into the 
left optic tract. T,. The fibers of each optic tract for the most part pass to the cortex of the 
occipital lobe, B, forming Gratiolet’s optic radiation, S; the smaller portion of them, m, 
goes to the oculo-motor nucleus, kK. This consists of a series of partial nuclei, the most 
anterior of which sends fibers, P, to the pupil (sphincter iridis); the next one sends fibers, A, 
to the muscle of accommodation ; and the third sends fibers, C, to the converging muscle 
(internal rectus, 7). All three bundles of fibers run to the eye in the trunk of the oculo- 
motor nerve, Oc, Division of the optic tract at gg or at ee produces right hemiopia ; and in 
the former case there would be no reaction to light on illuminating the left half of either 
retina. Division of the chiasm at ss produces temporal hemiopia. Division of the fibers, m, 
abolishes the reaction of the pupil to light, but leaves the sight and also the associated con- 
traction of the pupil in accommodation and convergence unaffected. 
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flex is still regularly produced. The same thing would happen if the cerebral 
cortex itself were through some lesion incapacitated for performing its func-- 
tions. Such cases, in which blindness exists, even though the examination of 
the eye gives negative results and the reaction of the pupil to light is preserved, 
are, to be sure, very rare, so that under these circumstances our first thought 
would be of simulation, and we would examine for this first. 

In general, the pupil dilates upon the application of sensory stimuli. An 
exception to this rule is when the stimuli act with intgnsity upon the eye itself. 
In this case the pupil contracts, and does so in consequence of the hyperemia 
of the iris produced by the stimulus (see § 67). The pupil also reacts with 
great seasitiveness to stimuli which start from the central organs of the nervous 
system—its reaction usually taking the form of dilatation. Hence the behavior 
of the pupil plays an important part in. the diagnosis of diseases of the brain. 
A difference in the size of the pupils is very frequently found in the subjects of 
mental disease. 


Atropive is such an efficient mydriatic that exceedingly small quantities— 
the millionth part of a gramme —suffice to dilate the pupil. Sometimes all 
that is necessary for us in order to get a dilatation of our own pupils is to instill 
atropine into another person’s eye, and in so doing moisten our fingers and then 
through carelessness touch our own eyes with them. Dilatation of the pupil may 
also be produced by the internal use of atropine or of drugs which contain it. 
The most frequent occurrence of this sort is when patients who take belladonna 
internally complain of being dazzled, and of not seeing well near by in their 
work. We find in such cases moderate dilatation of the pupil and diminution 
in the power of accommodation. 

With many people there exists an intolerance of atropine. This manifests 
itself in various ways: (a) By the development of toxic symptoms, such as 
dryness in the throat or nausea, with even small doses. This is especially apt 
to occur after the long-continued use of atropine. (6) By the production of a 
catarrh (atropine-catarrh), which is usually characterized by the formation of 
numerous follicles. Here, again, a pretty long-continued use of atropine is re- 
quired to produce the effect. (c) In many persons a single drop of atropine is 
enough to bring on marked redness and swelling of the lids, looking like an 
attack of erysipelas. In these and similar cases the atropine must either be 
simply abandoned, or be replaced by another mydriatic, according to circum- 
stances. Among the other mydriatics that we are acquainted with are homatro- 
pine, duboisine (also called hyoscyamine), hyoscine, and gelsemine. Hyoscine 
acts the most powerfully—even more powerfully than atropine—but as it pro- 
duces toxic symptoms even more readily, it is employed only in exceptional 
cases, Of the alkaloids mentioned, only two are at all in frequent use, namely, 
duboisine and homatropine. Sulphate of duboisine acts like atropine, and is 
employed instead of it in those cases in which the latter is not tolerated. 
Homatropine hydrobromide has a feebler and, what is most important, a less 
enduring action than atropine, its effects lasting for scarcely more than about 
five hours. It is hence a valuable agent when a transient dilatation of the 
pupil for purposes of examination of the eye is all that is required. 

Among miotics, pilocarpine in particular is employed for many different pur- 
poses and by two entirely different methods—locally by instillation into the 
eye, and internally in the shape of a hypodermic injection. In the first way it 
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is much employed for contracting the.pupil, and, especially for diminishing the 
intra-ocular pressure in glaucoma. In its subcutaneous application it produces 
great diaphoresis and salivation, for which reason it exerts a powerful effect in 
furthering the resorption of pathological exudations. Hence it is employed in 
this way: 1, In violent acute inflammations, especially in iridocyclitis and in 
retrobulbar neuritis; 2, for clearing up recent opacities of the vitreous; 3, in 
detachment of the retina. It is contra-indicated in pregnancy, and also in heart 
troubles. 

Both the mydriatics and the miotics may be introduced into the eye in the 
form of an ointment, instead of in solution, Small gelatin disks containing a 
certain quantity of the alkaloid are also made, which, when introduced into the 
conjunctival sac, become dissolved and so develop their activity. 

What effect do mydriatics and miotics exert upon the intra-ocular pressure ? 
So far, observers have not arrived at concordant results in regard to this matter, 
but at least this much has been proved by experiments, that in the healthy eye 
the alkaloids cause only very insignificant variations of tension. The case is 
altogether different when elevation of tension exists, or there is a tendency to 
it; then atropine may raise the tension very considerably, while eserine and 
pilocarpine noticeably diminish it. 


The function of the ciliary body is twofold, inasmuch as it consists of the 
ciliary processes and the ciliary muscle. The former, on account of their abun- 
dant supply of vessels, afford nutrient material for adjacent structures, like the 
vitreous and the lens, and secrete the aqueous humor. The ciliary muscle pre- 
sides over accommodation (see § 140). It acts in harmony with the sphincter 
pupille, and, like it, is paralyzed by mydriatics, thrown into spasm by miotics. 

The function of the chorioid is likewise chiefly that of a nutrient organ for 
the retina, vitreous, and lens. The chorioid takes part more directly in the act 
of vision, inasmuch as it supplies the visual purple, and also because its pigment, 
together with the pigment epithelium, forms the dark coating of the interior 
of the eye. 


IV. DEVELOPMENT OF THE Eyng. 


66. The eye develops from an invagination which forms on both 
sides of the first cerebral vesicle. This invagination, which is called 
the primitive ocular vesicle (Fig. 55 A, a), remains in connection with 
the cerebral vesicle by means of a pedicle, which, at first broad, after- 
ward more narrow, becomes subsequently the optic nerve. Its surface 
is covered by the ectoderm (# /#), which shows a thickening, ¢, at a 
point corresponding to the summit of the ocular vesicle. This, the 
first germ of the lens, becomes folded upon itself by reason of the more 
rapid growth of the ectoderm at this spot, and forms an everted pouch 
directed toward the ocular vesicle (Z, Fig. 55 B). This pouch after- 
ward becomes shut in in front so as to form a closed sac, the lens 
vesicle. The lens is accordingly an epithelial structure, being a deriva- 
tive of the external germinal layer, and in the beginning consists of a 
hollow vesicle, which afterward becomes filled up by the growth of its 
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cells and is converted into a solid sphere. In proportion as the ecto- 
derm at the site of the primitive lens pushes against the ocular vesicle, 
the surface of the latter is indented, and at length gets to be completely 
invaginated. Thus a flask-shaped structure with double walls is formed 
out of what was once a round sack (a, a, Fig. 55 B). This is called 
the secondary ocular vesicle, which is hence the primitive ocular vesicle 
that has been invaginated and thus, so to speak, reduplicated. From 
the ocular vesicle is subsequently formed the retina, which thus must 
be looked upon as an isolated portion of the brain itself. ‘The exterior 
and interior layer of the secondary ocular vesicle become differentiated 
early. ‘The exterior layer (p, Fig. 55 B) takes up pigment, and sub- 


a 


Fic. 55.—ScHEMATIC REPRESENTATION OF THE DEVELOPMENT OF THE Eye. 


A, EARLIER STAGE. The primitive ocular vesicle, a, is a protrusion from the first cerebral vesi- 
; cle, b, from which it is separated by a shallow constriction. It is surrounded by the cells of 
the mesoderm, M, and at its summit is slightly indented by a thickening, c, of the ecto- 


MH, . + 
B, Te isu The separation of the ocular vesicle, aa, has advanced so far that it is con- 
nected with the brain only by a slender pedicle, 0, which subsequently becomes the optic 
nerve. The ocular vesicle is converted by the sinking in of its anterior wall into a flask- 
shaped structure, which has two walls, an anterior thick wall, 7, and a posterior thin one, p. 
From the thickening of the ectoderm, £ E, the lens-vesicle, L, has been formed. M, meso- 


derm. 


sequently becomes the pigment-epithelium, which therefore is rightly 
counted in with the retina. The interior layer (7) soon gets to surpass 
the exterior one considerably in thickness; its cells acquire a radial 
arrangement and develop into the retina proper. ‘The anterior margin 
of the ocular vesicle, where the two layers become continuous, corre- 
sponds to the margin of the pupil in the fully developed eye (Fig. 56). 
From the exterior layer are formed the pigment-epithelium of the 
chorioid and the ciliary body (¢, Fig. 56), and also the more anterior 
(e,) of the two layers of pigment upon the posterior surface of the 
iris. The interior layer forms the retina (7) ; farther forward it forms 
the non-pigmented stratum of cells of the pars ciliaris reting, covering 
the ciliary body (C), and lastly, quite in front, it forms the posterior 
sheet of the retinal pigment-layer of the iris (7,). 
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At the time when the indenting of the ocular vesicle by the lens 
takes place, the latter completely fills the cavity of the vesicle, no vitre- 
ous as yet existing. This latter is essentially connective tissue, and is 
derived from the mesoderm, which surrounds the ophthalmic vesicle 
(Fig. 55, ), and which makes its way into the interior of the latter 
through an opening—the fetal ocular fisswre—in its lower side. Even 
as early as the time when the 
ocular vesicle is undergoing 
invagination in the form of 
a flask we notice that at its 
lower side the wall of the flask 
is not as high or as protuber- 
ant as elsewhere (Fig. 55, B), 
and that in one spot it is al- 
together deficient. Here, then, 
a fissure-like defect exists in the 
wall of the flask (Fig. 57, s), 
a defect which is continued 
backward upon the pedicle of 
the ocular vesicle (the optic 
derve) in the form of a furrow 
\Fig. 57, s,). Through this 
fissure the mesoderm gradually 
grows from the outside into 
the interior of the eye, push- 


Fig. 56.—ScHEMATIC SECTION THROUGH AN EmBry- 
onic Eye. AFTER SCHWALBE. 


The external envelope of the eye, formed by the 
mesoderm, consists of the cornea, H, and the 
united sclera and chorioid, CS. At the junction 
of CS and H, two projections, the iris, 7. and the 


ciliary body, C, extend into the interior of the 
eye. The secondary ocular vesicle which is in- 
closed within these envelopes consists of two 
layers, the retina, 7, and the pigment-epithe- 
lium, e. These two extend forward as far as 
the posterior surface of the iris, where they form 


ing its way in between the 
retina and the lens, separating 
them from each other, and 
itself becoming transformed 


the anterior layer, e,, and the posterior layer, 7,, 
of the retinal pigment of the iris. Posteriorly, 
the inner layer alone is continued into the optic 
nerve, O. The central artery of the optic nerve, 
c. gives off vessels, h, to the outer layers of the 
vitreous, g, and then continues its course as the 
arteria centralis corporis vitrei, c,, to the pos- 
terior pole of the lens, L. There it breaks up 
into the branches of the vascular network which, 
as the membrana capsularis, ca, covers the pos- 
terior surface and as the pupillary membrane, p, 
the anterior surface of the lens. 


into the vitreous. Subsequent- 
ly the margins of the fissure 
unite so that the eye again 
forms a closed vesicle. The 
vitreous is thus cut off from 
its connection with the por- 
tions of the mesoderm which 
he without, and which produce the avea and the sclera. The channel in 
the optic nerve, which represents the continuation backward of the ocular 
fissure (fig. 57, s,), is also filled in by mesodermal tissue. When, then, 
the margins of the channel afterward become united in the same way as 
is the case with the fissure in the eyeball itself, this tissue, which is de- 
rived from the mesoderm, is shut up within the axis of the optic nerve, 
and retains none of its former connections save those existing anteri- 
orly with its continuation, the vitreous. This tissue afterward develops 
into the central vessels (Fig. 56, c) of the optic nerve with their en- 
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velope of connective tissue, and these are continued forward into the 
vitreous as the vessels of the latter. The vessels in the embryonic 
eye are, in fact, disposed as follows: The branches of the central 
artery of the optic nerve spread out in the outermost layers of the 
vitreous (Fig. 56, 4), and afterward become the retinal vessels lying 
in the innermost layers of the retina. One 
branch, however, of the central artery, the 
arteria centralis corporis vitrei or arteria 
hyaloidea, runs straight forward through the 
vitreous to the posterior pole of. the lens, 
lying in the central canal of the vitreous 
(canalis Cloqueti, ¢,, Fig. 56). Arriving at 
the posterior pole of the lens, it divides into 
branches which form a vascular network en- yyg. 57.-Scnematic REPRESEN- 
veloping the entire lens. That portion which BS HON OF 308 Par Av ere: 
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coats the posterior surface of the lens is ‘he flask-shaped structure, a, 


5 a 5 f i i 
called the membrana capsularis (ca, Fig. sotles Uidstthe fostol tiesares 
~p : s, which is continued upon 
56). In the place where the latter passes etepaet ercus am ones 

- at groove, s,; @ is almost en- 
over to the anterior surface of the lens new Evoly dlled br the ions, 0. 


vessels join it, derived from the anterior sur- 
face of the iris (7). These arise from the circulus arteriosus iridis 
minor and pass over the edge of the pupil to the vascular membrane 
which incloses the lens, and which, in the region of the pupil, bears 
the name of the membrana pupillaris (py). Among the vessels pass- 
ing from the iris to the lens are also veins which must provide for the 
transportation of the venous blood from the entire vascular membrane 
of the lens, including both the membrana pupillaris and membrana 
eapsularis, since there is no vein corresponding in course to the hya- 
loid artery. 

The chorioid, sclera, and cornea are developed from the mesoderm 
which envelops the ocular vesicle. The iris grows out from the ante- 
rior margin of the chorioid. 


CHAPTER V. 
DISEASES OF THE IRIS AND OF THE CILIARY BODY. 


J. INFLAMMATION. 


67. THe iris and the ciliary body form a continuous whole, inasmuch 
as the iris springs from the ciliary body; both, moreover, are supplied 
by the same blood-vessels. It is hence quite easy to understand that 
both organs are very frequently diseased at the same time. Unmixed 
inflammation of the iris (iritis) or of the ciliary body (cyclitis) is rare ; 
in most cases we have to do with a combination of the two (irido- 
cyclitis). For practical reasons, however, it is advisable first to de- 
scribe the symptoms of iritis and of cyclitis separately, and then show 
what sort of clinical picture is produced by their combination. 

Symptoms of Iritis.—The symptoms of iritis are partly referable to 
the hyperemia of the iris, partly to the formation of exudation. 

Hyperemia of the iris manifests itself chiefly by the discoloration 
which causes a blue or gray iris to appear greenish—a change which is 
particularly striking when comparison is made with the iris of the 
other eye, in case this is healthy. In dark eyes the discoloration is less 
pronounced. Sometimes, with the aid of a magnifying-glass, we can 
clearly distinguish the separate dilated blood-vessels under the form 
of red striz or macule. The other changes found concern the pupil, 
which is contracted, and does not react as well as usual. The contrac- 
tion is a necessary result of the dilatation of the iris through the in- 
creased fullness of the vessels ; besides, there is a spasm of the sphincter 
produced by the irritation. For these reasons the reaction of the iris 
to light is diminished, and atropine also acts less promptly and less 
thoroughly. The hyperemia of the iris is accompanied by ciliary in- 
jection, photophobia, and increase of the lachrymal secretion. 

The symptoms of congestion just described may exist by them- 
selves without symptoms of exudation, in which case we do not speak 
of iritis, but merely of hyperemia iridis. This is observed as a result 
of the same causes as iritis itself, in case the irritation is not great 
enough to provoke actual inflammation. Pure hyperemia of the iris 
is most frequently seen in corneal affections, and particularly in case 
of small ulcers or foreign bodies in the cornea. Hypereemia of the iris, 
provided it is not the precursor of an iritis, disappears without leaving 
any lasting traces of its presence. 
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Exudation takes place partly into the tissue of the iris itself, partly 
into the surrounding cavities, the anterior and posterior chambers, and 
is accordingly characterized by varying symptoms : 

1. Lxudation into the tissue of the iris makes the latter, as it is filled 
with an abundance of round cells, appear swollen and thicker than 
usual. The discoloration is still more pronounced than in simple hype- 
remia, the distinct markings of the anterior surface of the iris being 
obscured. A factor that contributes to this obscuration in many cases 
is the deposition of an exudation-membrane covering the anterior sur- 
face of the iris (d, Fig. 36). It is easy to understand that the rigid 
and swollen iris should react but insufficiently to light; the pupil is 
greatly contracted. 

2. Exudation into the anterior chamber manifests itself first by 
turbidity of the aqueous, in which numerous exudation-cells are sus- 
pended. The turbidity is best recognized upon the dark background 
of the pupil, which in this case looks gray instead of being a pure 
black. Gradually the formed constituents floating in the aqueous sink 
to the bottom of the chamber, where they form a hypopyon. (For 
more precise particulars see page 136.) When there is very great 
hyperzemia, rupture of the blood-vessels in the iris may take place with 
an extravasation of blood, which also sinks to the bottom of the ante- 
rior chamber (hyphema). 

The exudate is often precipitated from the aqueous upon the ante- 
rior surface of the capsule of the lens (e, Fig. 36), where it is usually 
continuous with the above-mentioned exudate, which covers the ante- 
rior surface of the iris. If this exudate becomes organized, a membrane 
is produced which closes the pupil and is connected with the pupillary 
margin of the iris (0, Fig. 59). This is called a pupillary membrane, 
and the condition thus brought about is called occlusio pupille. It is 
evident that this condition must result in a very considerable impair- 
ment of vision. 

3. Exudation poured out into the posterior chamber is not accessi- 
ble to direct observation, but manifests itself only by the adhesions 
which it causes between the iris and the capsule of the lens (posterior 
synechie). These adhesions principally develop at the spot where the 
iris and the eapsule of the lens are in contact—i.e., at the pupillary 
margin. They form at the time when the iritis is at its height, and 
when, therefore, the pupil is greatly contracted. When, after the 
iritis has run its course, the pupil tends to resume its usual mean 
width, this is only possible over the area in which the pupillary margin 
has remained unattached. ‘The portions which are adherent to the 
capsule of the lens can not retract, but project toward the center of 
the pupil under the form of fine or coarse dentations. The pupil thus 
acquires an irregular shape which is still more obvious if atropine 1s 
instilled ; for, as the iris then retracts strongly at its unattached por- 
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tions, the synechiw stand out in the clearest possible way (a and 4, Fig. 
58). Atropine is hence a very valuable agent for the diagnosis of pos- 
terior synechie. 

In the formation of posterior synechie, it is not the stroma of the iris, 
but the layer of retinal pigment (/, Fig. 47) covering its posterior surface, 
that becomes adherent to the capsule of the lens. When the iris tends 
to contract, the pigment layer is held back at the points of adhesion, and 
is thus exposed to view more extensively than usual. Hence in dilata- 
tion of the pupil, especially by atropine, the tags jutting out into the 
pupil look brown. From the traction exerted by the iris, rupture of the 
synechie# may result. This sometimes is effected spontaneously by the 
traction which is constantly being made upon the adhesions during 
the ceaseless movements of the iris; for the most part, however, rupt- 
ure is produced artificially by the instillation of atropine. In that case 
we see, at the spot where the synechia has been set free, a brown spot 
remaining upon the anterior capsule of the lens. This is the pig- 
ment layer whose pathological adhesion to the capsule of the lens is 
firmer than its physiological connection with the tissue of the iris. 
If several synechie have been ruptured, we find remains of them in 
the shape of a corresponding number of brown dots arranged in a 
circle upon the anterior capsule of the lens (Fig. 58, between and ad- 
joining @ and 0). This circle is narrower than the mean diameter 


Fic. 58.—PosTeRIoR SYNECHIZ AND THE REMAINS OF A PUPILLARY MEMBRANE. 
MAGNIFIED 2x1. 


The pupil has been dilated by the instillation of atropine. The dilatation, however, is unequal, 
because the upper part of the pupillary margin is fixed by means of adhesions to the an- 
terior capsule of the lens. At a@ there is a slender synechia which is drawn out into a fine 
black point ; at b, on the other hand, is found a broad and but slightly elongated adhesion, 
such as frequently occur in syphilitic iritis. Between the synechie and by the side of them, 
the capsule of the lens is covered with minute black dots arranged in a semicircle. They 
correspond to the situation of the pupillary margin when the pupil was contracted and have 
been left by the rupture of the adhesions. From the lower part of the iris a filament, ec, runs 
straight upward. This arises from the trabecule of the circulus iridis minor, and passes in 
the region of the pupil to the anterior capsule of the lens, where it is attached to a small, 
round, capsular opacity. This filament is not a posterior synechia, but a remnant of the 
foetal pupillary membrane. It does not prevent the iris from retracting properly under 
atropine, but is simply stretched and drawn out thin itself. 


of the pupil, because the synechiw were formed at the time when the 
pupil was contracted by iritis. The dots of pigment never disappear, 
and hence during the whole life give evidence of an iritis that has 
once existed. 

If the adhesion of the iris to the capsule of the lens is not confined 
to single points, but comprises the whole extent of the pupillary mar- 
gin, we speak of an annular posterior synechia. No projecting tags 
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are then apparent, because the iris is no longer able to retract at any 
spot, the pupil remaining unchanged all the time, even after the in- 
stillation of atropine. ‘There is generally a brown fringe (pigment) or 
a gray fringe (exudate) investing the pupillary margin. An annular 
synechia is seldom formed¢all at once; it is for the most part the re- 
sult of a number of recurring attacks of iritis, which little by little 


Fig. 59.—SECLUSION AND OCCLUSION OF THE Pupiu. Mageniriep 5x1. 


The iris is adherent by its entire pupillary margin to the lens, and is pushed forward. The pos- 
terior chamber, h, is thus made deeper, the anterior chamber, v, shallower, especially at 
the periphery where the root of the iris. a, is pressed against the cornea by the increase of 
tension. In consequence of the traction made upon the iris, its retinal pigment is beginning 
to separate (at s) and to be left upon the capsule of the lens. The pupil is closed by an 
exudate-membrane, o, by the contraction of which the anterior capsule is thrown into folds. 
In the lower part of the anterior chamber there is matter, p, precipitated upon the posterior 
surface of the cornea. In consequence of the increase in tension, both the ciliary processes, c, 
and the ciliary muscle, m, are atrophic and flattened. The cortex of the lens has undergone 
cataractous disintegration, and at 7 is separated from the capsule by liquor Morgagni ; the 
nucleus, k, of the lens is unaltered. 


produce a more and more extensive adhesion of the iris to the lens. 
The direct consequence of an annular synechia is the shutting off of 
the anterior from the posterior chamber—shutting off of the pupil 
(seclusio pupille, Fig 59). 

The two sequele of iritis, shutting off of the pupil (seclusio pupil- 
le) and shutting up of the pupil (occlusio pupilla), very often occur to- 
gether owing to the fact that the exudate which attaches the pupillary 
margin to the lens may also extend over the entire pupil. But they 
may also occur separately and then have very different consequences. 
Occlusion of the pupil occurring by itself produces very great diminu- 
tion of sight, without, however, entailing any dangers for the future. 
Seclusion of the pupil in itself does not affect the sight, if the pupil is 
free from membrane, but subsequently induces changes (increase of 
tension) which cause blinding of the eye. 

If the exudation into the posterior chamber is very great, it leads to 
adhesion of the posterior surface of the iris to the lens, not only at its 
pupillary margin but through its whole extent; there is produced ad- 
hesion of the whole surface of the iris, or ¢otal posterior synechia (Fig. 
60). Such an excess of exudation, however, does not occur in simple 
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iritis, but only when there is a simultaneous cyclitis, and it will there- 
fore be described more particularly under the latter head. 

68. Symptoms of Cyclitis—Exudation from the ciliary body, apart 
from the infiltration of the tissue itself, takes place into the anterior 
chamber, the posterior chamber, and the vitreous : 

1. The exudate produced by the ciliary body can get into the 
anterior chamber in two ways: either directly, in case there is implica- 
tion of the most anterior portion of the ciliary body—i. e., that covered 
by the ligamentum pectinatum and lying at the confines of the anterior 
chamber; or indirectly, from the exudate being deposited first in the 
posterior chamber and then carried along with the aqueous through the 
pupil into the anterior chamber. 

The exudates which are most characteristic of cyclitis are the pre- 
cipitates upon the posterior surface of the cornea. These are small 
dots, no bigger than a pin’s head, of a light gray or brownish color, 
which lie upon the posterior corneal surface (p, Fig. 59, and P, Fig. 
61). ‘They were formerly thought to be located in the cornea itself; 
but if by puncturing the cornea the aqueous is allowed to escape, some 
of the deposits may be seen to disappear too, being swept away with 
the aqueous—a proof that they simply le upon the posterior surface of 
the cornea. If the deposits are large, but few of them are generally 
present, and they are then commonly scattered irregularly over the 
cornea. ‘The smaller the deposits, the more numerous they generally 
are. They then occupy the lower half of the cornea, in which they 
cover a surface haying the shape of a triangle. The base of the trian- 
gle corresponds to the lower corneal margin, and its apex is directed 
upward toward the center of the cornea. It is frequently observed that 
the deposits diminish in size from the base toward the apex of the tri- 
angle. 

The peculiar arrangement of the deposits is readily explained by 
their mode of origin. 'The deposits are conglomerations of cells, agglu- 
tinated into masses by means of fibrin (Fig. 61). At first they are 
suspended in the aqueous, and by the movements of the eye are thrown 
against the posterior surface of the cornea and adhere to it. In so 
doing they arrange themselves according to weight, the largest being 
lowest down. The triangular shape of the arrangement is a result of 
the movements of the eyeball, by which the deposits are cast upon the 
cornea. We have only to think of what happens when we throw sand 
through a wire screen or shake grain in a sieve. The little fragments 
of stone or of grain always form a pointed figure with the point, which 
contains the finest particles, ranning upward, while successively coarser 
particles follow in order.below. The same is the case with the depos- 
its. By their peculiar arrangement the deposits are generally easily 
distinguishable from macular opacities in the cornea itself (in keratitis 
punctata, see pp. 171, 179). Other distinguishing marks are the 
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clearer outline and frequently the brownish color of the deposits, 
which, moreover, do not lie at different depths like macule in the cor- 
nea itself, but lie all in the same plane—that is, on the posterior surface 
of the cornea. 

That the deposits actually originate in the ciliary body and not in 
the iris is proved by the cases of pure cyclitis, in which deposits are 
present in abundance, although all symptoms of inflammation on the 
part of the iris are wanting. 

The exudate from the ciliary body, deposited in the anterior cham- 
ber, may also appear there under the form of hypopyon, just as in 


Fic. 60.—ToTaL PostERIOR SYNECHIA. VERTICAL SECTION THROUGH THE EygE. 
MAGNIFIED 5x1. 


iris is nt by its posterior surface to the anterior capsule of the lens and also to the 

ee otes oe ihe ciliary body. The posterior chamber consequently is obliterated 
and the anterior chamber deepened at its periphery, b; at this spot the iris is strongly re- 
tracted and at the same time is here the most thinned through atrophy. The exudate con- 
necting the iris with the lens also stretches as a thin membrane, p, across the pupil. The 
hull of exudate, s, springing from the ciliary body, envelops the posterior surface of the 
lens and by its shrinking draws the ciliary processes toward the center. As a result of this. 
a separation of the ciliary body, c, from its bed has already taken place below, and in the 
intermediate space are seen the disjoined lamelle of the suprachorioid membrane, a. The 
pigment-epithelium, f, of the ciliary processes bas undergone proliferation, At the lower 
part of the cornea there is a zonular opacity, g._ The lens is swollen and is opaque through- 
out ; there is no hard, undisintegrated nucleus (i. e., it is a soft cataract). 


iritis. But what particularly characterizes cyclitis are the gray or gray- 
ish exudates that develop in many cases and which appear to grow out 
in the form of spongy masses from the sinus of the chamber, and that 
not merely below, but also from other directions. 

2. Exudation into the posterior chamber, if extensive, leads to the 
adhesion of the whole posterior surface of the iris to the anterior cap- 
sule of the lens (total posterior synechia, Fig. 60). We recognize the 
presence of the latter chiefly from the altered form of the anterior 
chamber. The exudate, as it shrinks, draws the iris everywhere up to 
the anterior surface of the lens, so that the posterior chamber 1s com- 
pletely obliterated. The anterior chamber is hence ae aa a 
deeper, and most of all at the periphery, where the iris 1s displace 
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farthest backward (4, Fig. 60). Great regession of the root of the iris 
is hence a sign of cyclitis. 

3. Exudation into the vitreous appears under the form of opacities 
of the vitreous, which can be made out with the ophthalmoscope if 
the condition of the refracting media permits. Moreover, they mani- 
fest themselves by a corresponding diminution of the vision. In 
severe cases, an exudation of large size exists in the anterior division 
of the vitreous (s, Fig. 60), and under favorable circumstances can 
be seen with lateral illumination as a gray mass behind the lens. 
The sight is thus almost completely abolished, and atrophy of the 
whole eye is subsequently produced by the shrinking of this mass of 
exudation. 

The tension of the eye, which in iritis is usually unchanged, often 
shows an alteration in cyclitis. It is not infrequently found to be ele- 
vated in the beginning of the cyclitis, in consequence of the increase in 
the amount of matter contained in the eyeball due to the deposition 
of the exudate; indeed, such a great elevation of tension may be de- 
veloped that blindness is produced by it. In the later stages of cyclitis, 
on the contrary, diminution of the intra-ocular pressure is more fre- 
quent, and is the result of the shrinking of the exudate while in pro- 
cess of organization. 

Both iritis and cyclitis are associated with symptoms of inflamma- 
tory irritation, consisting of ciliary injection, photophobia, lachryma- 
tion, and pain. Their intensity is regulated by the greater or less 
acuteness with which the case runs its course. Chronic cases occur in 
which inflammatory symptoms are wanting altogether, so that the eye 
is at no time reddened or painful; on the other hand, there are cases 
of irido-cyclitis in which the pain reaches an absolutely intolerable 
pitch and is associated with vomiting and a febrile movement. Some- 
times the pain sets in with special violence at night (particularly in 
syphilitic iritis and irido-cyclitis). 

Vision is always diminished through turbidity of the aqueous or 
through exudation in the region of the pupil or in the cavity of the 
vitreous. 

Differential Diagnosis between Iritis and Cyclitis—We speak of 
tritis if the symptoms enumerated above are present, and there is no 
direct proof of the participation of the ciliary body in the inflamma- 
tion. That the ciliary body is pathologically altered in most cases of 
apparently simple iritis is put beyond a doubt by anatomical investi- 
gations. But, since we can not see the ciliary body directly, slight 
changes in it escape diagnosis. We hence make the diagnosis of irido- 
cyclitis only in those cases in which in addition to the symptoms of 
iritis positive evidences of involvement of the ciliary body are also 
present. This is the case— 

1. When the inflammatory symptoms reach a considerable pitch, 
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and especially if cedema of the upper lid is associated with then— 
a thing which does not occur in simple iritis. 

2. When the eyeball is painful to the touch in the ciliary region. 

3, When deposits are present upon the cornea, or when the marked 
retraction of the periphery of the iris leads us to infer the existence of 
a total posterior synechia. 

4. When the disturbance of vision is more considerable than one 
would expect from the opacities within the confines of the anterior 
chamber. We are then justified in inferring the existence of opacities 
in the vitreous causing diminution of vision. 

5. If the tension is altered—either elevated or lowered. 

The participation of the ciliary body in the inflammation of the iris 
makes the disease a far more serious one and renders the prognosis 
worse. Not only is the inflammation more violent, but it induces 
changes which are much more difficult to remedy. The exudates, 
such as posterior synechiw and pupillary membranes, produced by iritis 
in the confines of the anterior chamber, may be attacked successfully 
by operative procedures. But the exudates left by cyclitis in the vitre- 
ous, so far as they do not become absorbed spontaneously, are in no 
way susceptible of removal. Severe cyclitis leads to destruction of the 
eye (atrophy of the eyeball)—a thing that never occurs with iritis 
alone. . 

Simple cyclitis * without iritis occurs but seldom, and that only in 
the chronic form. The inflammatory symptoms are slight or absent, 
the iris is of normal appearance, and the pupil is generally somewhat 
dilated. The chief symptoms are the presence of deposits upon the 
cornea and opacities in the vitreous. 


Inexperienced physicians often fail to recognize slight cases of iritis, con- 
sidering it as catarrh on account of the injection of the eyeball that coexists 
with it. The treatment then employed, such as the application of the silver- 
nitrate solution or the instillation of irritating collyria, commonly aggravates 
the iritis. We can avoid this mistake if in every case we pay careful attention 
to any discoloration that there may be in the iris (particularly by comparing it 
with that of the other eye), and also to the dimensions of the pupil, which in 
an eye with iritis is contracted. Moreover, a slight turbidity of the aqueous 
can be recognized, even in the early stages, from the fact that the pupil has not 
the same pure black look as in the other eye. On the other hand, the mistake 
is often made of considering an inflammatory glaucoma as an iritis on account 
of the ciliary injection and the discoloration of the iris—a mistake which is the 
more disastrous because in glaucoma great harm is done by the instillation of 
atropine. Here, besides the testing of the tension, our chief means of guard- 
ing against mistakes is the examination of the pupil, which in iritis is always 
more contracted, in glaucoma always more dilated, than usual. 

A peculiar appearance is furnished by the presence of a pretty large Sibrin- 
ous exudate in the anterior chamber, such as is at times observed in every sort 


* The serous iritis of authors, 
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of acute iritis. If, for example, much fibrin ‘is deposited in the aqueous, it 
may become coagulated into a uniformly gray, translucent mass (hence the 
name gelatinous exudate and also lenticular exudate, because with its rounded 
edges it sometimes looks like a half-transparent lens that has been dislocated 
into the anterior chamber). The exudate speedily shrinks, since the fibrin in 
contracting expels the liquid from its meshes (for which reason we also speak 
of it as a spongy exudate). After a few days the exudate has either completely 
disappeared or it has been reduced toa thin pellicle lying in the pupil and 
often still connected with the pupillary margin by one or two slender filaments. 

It happens sometimes that posterior synechiz develop in the presence of 
a dilated, instead of contracted, pupil ; as, for example, when they form in an 
eye under the influence of atropine. In this case the margin of the pupil be- 
comes adherent to the capsule of the lens at some peripherally located spot, so 
that afterward, when the pupil assumes its mean width, the synechia is marked, 
not by a projecting process, but by a re-entrant angle. 

For the diagnosis of seclusio pupille, the employment of atropine is indis- 
pensable. It often happens that the pupillary margin is thought to be adher- 
ent to the capsule all round, when, nevertheless, upon the employment of atro- 
pine it retracts at one small spot. At this unattached portion, which is most 
frequently situated above, there is thus formed a curved or horseshoe-shaped 
indentation of the pupillary margin. Similarly we may infer the existence of 
asmall opening if, after the case has been under observation for a long time, no 
protrusion of the iris takes place, since in true seclusio pupille such protrusion 
never fails to appear. Of course, we must be able to exclude the existence of a 
total posterior synechia, in which case evidently protrusion of the iris could not 
take place. 

Seclusio pupille appears to occur frequently without there being any simul- 
taneous formation of membrane in the pupil (occlusio pupille). This, however, 
is only apparent, as a rule. Upon careful examination we usually notice that 
the gray fringe of exudate which runs along the adherent pupillary margin 
projects far into the pupil, becoming gradually thinner as it does so, so that 
perhaps only the center of the pupil appears to be quite free. And yet if, after 
performing an iridectomy, we compare the pupil with the pure black coloboma, 
we can almost always convince ourselves that really no part of the pupil is 
quite free from a membrane. Much more frequently than seclusion without 
occlusion, the converse—i. e., occlusion without seclusion—occurs. That is, 
there is a membrane in the pupil, and sometimes quite a thick one, which is 
not connected with the pupillary margin all round, but only at separate spots. 

The presence of a well-marked reaction of the pupil to light is not alto- 
gether conclusive evidence against the existence of seclusio pupille. If the 
tissue of the iris is not yet atrophic, and a fair perception of light at the same 
time exists, the anterior layers of the iris, when the illumination is varied, 
move quite perceptibly over the fixed posterior pigment-layer. 

The deposits upon the posterior surface of the cornea are easily overlooked, 
because they are often so excessively minute. We should, therefore, in every 
case in which there is a suspicion of the existence of an affection of the uveal 
tract, look for them with a strong magnifying-e@lass. They are found not only 
in affections of the ciliary body but sometimes also in those of the most ante- 
rior sections of the chorioid. The following is an interesting case of this sort: 
A girl, twenty two years of age, was taken sick with varicella, the pocks of 
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which covered her entire body in great numbers. While still confined to her 
bed, she noticed a redness in her left eye. This passed off in a few days, but 
the sight of this eye had by that time become obscured. Some days after, I 
found the eye perfectly free from discoloration and the lower half of the cornea 
exhibiting a very faint opacity. Under a magnifying-glass this opacity resolved 
itself into innumerable, very minute deposits. The pupil was rather more 
dilated than in the sound eye, and readily permitted examination with the oph- 
thalmoscope, which showed a slight opacity of the vitreous in its anterior sec- 
tion, and in the extreme periphery of the portion of the fundus visible with the 
ophthalmoscope a white spot of exudation of about the size of the optic disk. 
Subsequently the vitreous cleared up; the spot of exudation, which in the be- 
ginning had quite indistinct outlines, became more sharply circumscribed and 
was gradually transformed into a pigmented area with an atrophic white spot 
in its center. This exudate in the chorioid was evidently the real focus of in- 
flammation from which the opacities in the vitreous and the deposits had 
started. The disease itself must be regarded as a very light case of the metastatic 
chorioiditis which is sometimes observed in consequence of infectious diseases. 
I have quite frequently found minute deposits in eyes in which a soft cataract 
had been operated upon by discission, and was consequently swelling up and 
undergoing absorption at the time. Other evidences of inflammation were 
wanting, and the subsequent course in these cases furthermore was favorable. 

In severe cases of irido-cyclitis (especially of sympathetic origin) blanching 
of the cilia on the lids of the affected eye is sometimes observed. 

RESULTS OF ANATOMICAL EXAMINATION IN [RIDO-CYCLITIS.—Exudation into 
the tissue of the iris is characterized by the presence of numerous round cells 
in the latter, the quantity of which increases with the intensity of the inflam- 
mation. Often they are not distributed everywhere alike, but collect in cer- 
tain spots, especially along the vessels, so that circumscribed nodules of exuda- 
tion are produced. ‘This state of things is most strongly marked in syphilitic 
inflammation, in which the nodules are often so large that they can be seen with 
the naked eye (papule iridis). Within the ciliary body the cellular infiltra- 
tion is much more profuse in the vascular ciliary processes than in the ciliary 
muscle. 

The free exudate, deposited in the anterior chamber, in part sinks to the 
bottom of the chamber and forms a hypopyon, in part attaches itself to the 
walls of the chamber—that is, to the cornea, the iris, and the capsule of the lens 
(Fig. 36, 6, ¢, d, and e). The thin coating of exudate, which covers the pos- 
terior surface of the cornea (Fig. 61, ) and’), causes the latter in recent cases 
of iritis to appear slightly and uniformly clouded. It generally disappears 
with the subsidence of the inflammation ; only in rare cases is the layer of exu- 
dation so considerable (especially in the lower half of the cornea) that it after- 
ward becomes organized and leads to the production of a lasting opacity of the 
cornea. 

The deposits are conglomerations of round cells containing interspersed pig- 
ment-granules (P, Fig. 61). They lie upon the endothelium of Descemet’s 
membrane, which, at first, is perfectly normal and not till afterward becomes 
destroyed beneath the aggregations formed by the cells of the deposit (¢, Fig. 61). 
The endothelium, therefore, has no more to do with taking an active part in the 
formation of the deposit than any other part of the cornea. Accordingly, the 
terms formerly employed to designate the deposits, such as keratitis punctata, 
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descemetitis, aquacapsulitis, hydromeningitis,*, which impute their place of 
origin to the cornea and more particularly to Descemet’s membrane, are inap- 
plicable. In exceptional cases scattered deposits are also found in the pupil- 
lary area, both upon the iris and upon the anterior capsule of the lens. After 
lasting for some time the cells of the deposit undergo fatty degeneration and 


Fic. 61.—DeposIT UPON THE PosTERIOR SURFACE OF THE CORNEA. Macniriep 140x1. 


The posterior surface of the cornea, C, is covered by Descemet’s membrane, D, and the endo- 
thelium, e. The latter, which as a whole is of normal character. is wanting at the spot 
where the deposit, P, is situated. This deposit forms an accumulation of cells with inter- 

sone pigment-granules which are partly free and partly inclosed in the round cells. In 

the place where no deposits are situated the posterior surface of the cornea is covered by a 

layer of exudation consisting of two strata, an anterior one, b, composed of round cells, and 

a posterior one, f, formed of coagulated fibrin. 


are absorbed, while the pigment-granules are left behind. Hence many de- 
posits are seen to take on little by little a darker color until at length nothing 
but minute black specks are left at the place where they were situated. 

The exudate which is poured out upon the anterior surface of the iris dis- 
places the endothelial membrane present there. The fate of this exudate de- 
pends upon its character. In the lignter cases, in which it consists chiefly of 
coagulated fibrin with only a few round cells, it disappears completely by re- 
sorption. In severe cases, the exudate is richer in cells and subsequently be- 
comes organized. We then find the iris atrophic and covered by a thin mem- 
brane of connective tissue. The same is true of the exudation deposited upon 
the anterior capsule in the pupillary area, and of the exudates in the posterior 
chamber and in the cavity of the vitreous; in the ight cases they are absorbed, 
in the severe ones they become organized into membranes, as will be more pre- 
cisely described in treating of the different modes of termination of irido-cyclitis. 

An anatomical classification of irido-cyclitis has been based upon the varying 
anatomical characters of the exudate. In general, the exudates which are very 
poor in cells and are incapable of undergoing organization are called serous, 
those which are rich in cells and lead to the formation of adhesions and of 
membranes are called plastic. Purulent exudates are those which contain very 
numcrous cells with a fluid intercellular substance. Nevertheless, to classify 
irido-cyclitis, upon the basis of differences of this sort, into a serous, a plastic, 
and a purulent variety, is a procedure that has its difficulties and can not be 
strictly carried out. In the first place, several kinds of exudation are often 
present at the same time ; for instance, a purulent exudation constituting a 
hypopyon, and a plastic exudation forming synechiw and pupillary membranes. 
In the second place, the sort of exudation present is by no means indicative of 
the severity of the case and of its clinical course. Purulent iritis—i. e., iritis 


* Descemet’s membrane was called capsula aque, or, in Greek, hydromenina, 
because it was supposed to secrete the aqueous humor. 
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with hypopyon—often runs a very mild course and is less to be dreaded than a 
plastic iritis which leaves adhesions after it. Purulent cyclitis, on the other 
hand, in which the purulent exudate is deposited in the vitreous, almost always 
entails loss of the eyesight. A term to be altogether rejected is that of serous 
iritis, which is used by authors for those cases in which deposits are present 
while synechize are absent. "The deposits, however, are certainly not serous 
exudates, and, any way, these cases are to be looked upon as ones of cyclitis, not 
of iritis. Because of all these reasons, it seems to me better to classify irido- 
cyclitis, not according to the kind of exudation, but according to the etiology, 
as will be done later on. 

In irido-cyclitis, the microscope generally establishes the fact of a partici- 
pation of the deep parts of the eye in the inflammation. The chorioid suffers 
the most injury, so that, when evident signs of its implication are present, we 
speak of irido-chorioiditis. But the retina too and the optic disk are almost 
never free from pathological changes in irido-cyclitis, although these changes 
are often too insignificant to be demonstrable by clinical examination alone. 


69. Course and Termination of Iritis and Cyclitis—With regard 
to the course, a distinction is made between acute and chronic cases. 
The former are associated with marked inflammatory symptoms, but 
run a quicker course. But even in the acute cases—if we except the 
very lightest ones—it takes four months or more before the inflamma- 
tion entirely subsides. The first signs of a change for the better in the 
inflammation are the decrease of the injection and of the pain, and 
especially the prompt action of atropine, while at the acme of the in- 
flammation the pupil is so spasmodically contracted that atropine has 
little or no effect. 

Chronic cases run their course with few or absolutely no symptoms 
of inflammation. The patients, in the latter case, become aware of the 
existence of their trouble only at a comparatively late period, and then 
only from the increasing disturbance of vision. Chronic iritis (irido- 
cyclitis and irido-chorioiditis) is not infrequently protracted over a 
course of years. 

Inflammations of the iris and of the ciliary body often show a great 
tendency to relapse. Formerly the chief cause for the recurrence of 
the inflammation was supposed to lie in the posterior synechie left by 
the first attack of iritis. It was believed that in the constant movement 
of the pupil traction was continually made upon the iris at the places 
of adhesion, and thus a new source of inflammatory irritation was pro- 
vided. But it has been demonstrated that relapses are to be appre- 
hended only in certzin cases of posterior synechie. Vf, for instance, 
anybody has had an ulcer of the cornea, and, as a result of it, an iritis 
from which there are some synechie# remaining, he need never fear 
having a relapse of his iritis. But another man who has got synechiz 
as the result of an iritis with a constitutional basis (e. g., a syphilitic 
or rheumatic iritis) can very readily have recurrences. We hence con- 
clude that what produces the recurrences is not the synechie, but the 
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continuance of the same constitutional cause that was accountable for 
the first attack of iritis; and, as a matter of fact, we sometimes see a 
syphilitic patient suffering from a recurrence of his iritis even when 
the first attack has got well without leaving any synechig; or we see a 
recurrence affecting, not the eye that was previously diseased, but the 
other eye which has hitherto been sound. ‘The recognition of the fact 
that one or two synechie are in themselves of no great significance has 
had an important practical result; the numerous operative methods 
designed for the division of synechiz have now been entirely given up. 

Recurrences of iritis are often less severe than the primary inflam- 
mation; but, as they are pretty frequently repeated, and as they leave 
a new exudate after them each time, they ultimately lead to serious 
changes, such as seclusio and occlusio pupille. 

The outcome of inflammation may be a perfect cure in lhght cases. 
The synechiz rupture, leaving behind bits of pigment attached to the 
anterior capsule, which are unproductive of injury to the eye. The 
hypopyon disappears by resorption. The deposits generally persist for 
along time (for months), until they also are removed by resorption. 
In many cases they leave at the spot where they were situated a perma- 
nent opacity of the cornea in the shape of a gray speck, or the pigment 
that is contained in them remains permanently as a black dot. Shght 
opacities of the vitreous may also disappear completely by resorption. 

In most cases, however, permanent seguele remain after iritis and 
eyclitis. These are— 

1. Atrophy of the Iris.—This rarely develops after a single attack 
of acute iritis; generally it is the result of repeated recurrences or of 
chronic inflammation. It is characterized by a bleached-out, gray, or 
grayish-brown aspect of the iris (resembling gray felt or blotting- 
paper) ; the delicate markings of the anterior surface have disappeared, 
and in their stead dilated vessels can often be recognized as reddish 
spots upon the iris. The pupillary margin is thinned down, often look- 
ing as if it had been frayed out; the reaction of the iris is lost. The 
great friability of the atrophic iris often renders the correct perform- 
ance of iridectomy impossible. 

The most frequent and important sequele are the exudates and ad- 
hesions which remain after nearly every case of iritis or irido-cyclitis. 
Among these are— 

2. Posterior Synechie.—Vhese, if only a few are present, cause no 
special injury to the eye, and also produce little or no impairment of 
sight. Very much worse is the annular posterior synechia or seclusio 
pupille. By this the communication between the anterior and the 
posterior chamber is obliterated. The aqueous secreted by the ciliary 
processes can no longer pass through the pupil into the anterior cham- 
ber; it hence collects in the posterior chamber, pressing the iris for- 
ward (Fig. 59). A nodulated protrusion of the iris is thus produced, 
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which finally reaches as far forward as the cornea, while the pupil is 
represented by a crater-shaped retraction of the pupillary margin which 
is attached to the lens capsule. In consequence of being so greatly 
stretched, the iris becomes atrophic. When this condition has lasted a 
certain time, elevation of the intra-ocular pressure (secondary glau- 
coma; see § 87) is added. The increased hardness of the eye can be 
established by palpation; the anterior ciliary veins are dilated, the 
cornea is dull and less sensitive to touch, the sight fails, with a decrease 
in the field of vision starting from the nasal side, until at length the 
perception of light is entirely abolished. Then the formation of scle- 
ral ectasiz takes place in the blinded eye in the shape of anterior and 
equatorial staphylomata of the sclera. Seclusio pupille, accordingly, 
if it is not remedied in time, infallibly leads to blindness. 

3. Pupillary Membrane (occlusio pupiliw).—This causes an inter- 
ference with vision, the degree of which depends upon the thickness of 
the membrane. 

4. Hxudates behind the Iris.—These lie either between the iris and 
the lens (total posterior synechia) or between the ciliary body and the 
lens and upon the posterior surface of the latter. In severe cases they 
form a coherent fibrous mass which completely envelops the lens, and 
which, on account of its solidity, is called the cyclitic shell (s, Fig. 60). 
This has a great tendency to shrink. In total posterior synechia there 
is evidently no nodulated protrusion of the iris--on the contrary, the 
anterior chamber in the beginning is unusually deep at the periphery 
owing to the retraction of the iris (4, Fig. 60). Afterward, when atro- 
phy of the eye sets in, the anterior chamber often becomes shallower 
again, because iris and lens together are pushed forward. The exu- 
dates which lie behind the lens in the vitreous (c, Fig. 62) cause by 
their contraction a diminution of volume of the vitreous; the eyeball 
then becomes softer. The shrinking of the vitreous (g, Fig. 62) results 
in detachment of the retina (7) from the chorioid; in part also this 
detachment is produced by direct traction, since the shell of cyclitic 
membranes as it shrinks attaches itself to the inner surface of the 
retina and draws it out of its bed. In consequence of the detachment 
of the retina, complete blindness ensues. This state of things, consist- 
ing of diminished tension of the eyeball, with decrease in its size and 
with complete blindness, is known as atrophy of the eyeball. ; An atro- 
phic eyeball presents the following picture: The whole eye is smaller 
and of slightly quadrangular shape. The four recti muscles, stretch- 
ing across the equator of the eyeball, press the sclera in somewhat at 
this spot, and hence produce flattening at the four sides. With the 
higher degrees of atrophy quite deep furrows are formed, 80 that the 
eyeball has the form of a bale of goods grooved by the cord with which 
it is tied. The cornea is smaller, often opaque and flattened; at other 
times, again, transparent, but abnormally protuberant or thrown into 
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folds. The atrophic iris is either, pressed, quite against the posterior 
surface of the cornea, or an anterior chamber still exists. In the latter 
case, we find the chamber bounded behind by a firm diaphragm in 
which the iris, which is imbedded in the shell of exudate, is often but 
indistinctly recognizable. If the pupil is still distinguishable, a mem- 
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Fic. 62.—ATROPHY OF THE EYEBALL. IN PART AFTER WEDL-BOcK. 


he eye is smaller and of irregular shape, chiefly from the folding of the sclera behind the 
points of attachment of the ocular musvles, the rectus internus. r/, and the rectus externus, 
re. The cornea, C, is diminished in size, flattened, and folded especially on its posterior 
surface. Atits inner border it bears the depressed cicatrix, N, which was produced by the 
injury. The anterior chamber is shallow; the iris, 7, is thickened and forms an unbroken 
surface, because the pupil is closed by exudate. Behind the iris lies the shrunken lens, J, 
and behind this is the great shell of cyclitic membrane, c, the shrinking of which is the 
cause of the atrophy of the eyeball. By reason of this shrinking, the ciliary processes, the 
pigment-layer of which has markedly proliferated, are drawn in toward the center, and 
together with the adjacent chorioid, ch, are detached from the sclera ; between the two 
structures are seen the disjoined lamellee of the suprachorioid membrane, a. The retina, 7, 
is detached and folded in the form of a funnel, which ineloses the remains of the degen- 
erated vitreous. The subretinal space, s, is filled with a fluid rich in albumin. The optic 
nerve, oO, is thinner than usual and atrophic 


brane and the opaque lens are found in it. The eye is softer, and is 
often sensitive to the touch. In the later stages markedly hard spots 
(ossified exudates) may sometimes be felt through the sclera. 

Atrophy develops gradually through a course of months and years. 
The inflammation and the pain, which have been present for a long 
time, disappear when the atrophy is complete. But even then sec- 
ondary attacks of pain occur, especially if the eye harbors a foreign 
body, or if ossification of the exudate takes place. 

5. Opucity of the Lens.—This develops in consequence of the dis- 
turbed nutrition of the lens. If merely a few synechizw are present, it 
is rarely observed; on the other hand, it is observed with proportion- 
ately great regularity when seclusio pupille has existed for a long time, 
and particularly so in those severe cases in which the lens is completely 
swathed in cyclitic exudates. Such a cataract is denoted by the name 
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of cataracta complicata or cataracta accreta (= grown fast to—i. e., 


grown fast to the iris). In atrophic eyeballs the lens is always opaque, 
and generally shrunken as well. 


The protrusion of the wis. does not take place uniformly, but with the for- 
mation of projecting prominences separated by constrictions. The latter repre- 
sent the more resistant, radial fibers which do not give way before the pressure of 
the aqueous until afterward. The condition in which the iris is found protrud- 
ing in a greater part of its circumference, while one sector of it remains in its 
normal situation, is generally referable to the fact that at this spot an adhesion 
of the surface of the iris to the lens exists, preventing its protrusion. It would, 
therefore, be a mistake to select just this spot for performing an iridectomy, 
although on other accounts it would seem to be very suitable for such a pur- 
pose, because of the greater depth of the chamber there. If the iris has been 
pushed forward as far as the cornea, it may become agglutinated to the latter 
in places, and in this way anterior synechie may be produced without there 
having ever been a perforation of the cornea (see page 195). 

Atrophy of the iris can progress to such an extent that the iris becomes 
transparent, or even so far that complete gaps form in it. A spontaneous forma- 
tion of gaps in the iris is also sometimes observed when occlusio pupille makes 
its appearance in early childhood. The iris is then fixed not only at its ciliary, 
but also at its pupillary margin, being attached to the membrane that exists in 
the pupil. As the eye grows, the iris is stretched constantly more and more be- 
tween its two points of attachment until atrophy and finally dehiscence in spots 
occur. In this way, through the formation of an opening, the sight may be 
spontaneously restored. In like fashion, the formation of gaps (or even the 
separation of the iris from the ciliary margin) may take place in cases in which 
the iris was attached to a cicatrix of the cornea in childhood. 

It should be remembered that seclusio and occlusio pupille develop not only 
as the result of irido-cyclitis but also in connection with the larger perforating 
ulcers of the cornea if the margin of the pupil is involved through its whole ex- 
tent in the cicatrix. In this case, too, the usual consequences of seclusio pupil- 
le make their appearance; the iris is pressed forward as far as the cornea, and 
an increase in tension takes place, as is so often observed in staphyloma of the 
cornea (see page 205). 

The cornea in irido-cyclitis suffers harm through the deeply situated infil- 
trates that may form in it (see page 184), through the deposition of exudate 
(deposits, hypopyon), or through the contact of the iris, which when lasting a 
long time produces corneal opacity (page 183). In the stage of atrophy of the 
eyeball a zonular opacity frequently forms upon the cornea. Keratitis bullosa 
and vesiculosa also often make their appearance in eyes which are blinded by 
irido-cyclitis. 

The anatomical changes, after an irido-cyclitis has run its course, manifest 
themselves under microscopical examination as follows: The atrophic iris is 
thinner than usual, and consists chiefly of fibrillary connective tissue. The 
cells of the stroma with their slender branches have been transformed in great 
part into coarse, round cells filled with pigment; masses of pigment also are 
often found lying free in the tissue. The vessels are in part obliterated and 
the nerve-trunks also have disappeared. The sphincter pupille and the retinal 
pigments are the parts which remain the longest. The ciliary body, including 
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both the ciliary muscle and the ciliary processes’ (Fig. 59, ¢), is aso found to be 
atrophic in old cases. The two innermost layers of the ciliary processes, how- 
ever, often undergo proliferation, the two strata of cells of the pars ciliaris reti- 
ne growing extensively into the cyclitic exudates and taking part in their 
formation (f, Fig. 60). By the traction which the masses of exudate, as they 
shrink, exert upon the ciliary processes, the latier are greatly elongated, so that 
their apices project well toward their posterior pole of the lens; when the trac- 
tion is still greater, the entire ciliary body is pulled out of its bed (¢, Fig. 60). 
This traction upon the ciliary body is one of the causes of the continuous or 
constantly recurring sense of pain, which exists in so many cases of old irido- 
cyclitis and sets the patients almost frantic; and it may also give rise to sympa- 
thetic disease of the other eye. The exudates themselves consist in the recent 
state of round cells and of an interstitial substance of fibrin, in varying propor- 
tions. The exudates afterward become organized into false membranes, the 
round cells turning into spindle cells and ultimately into connective-tissue 
fibers. In this way a very tough tissue is produced, which grates when cut 
through, and which rightly bears the name of shell (‘‘Schwarte”). On ac- 
count of this tenacity it puts great difficulties in the way of any attempts at the 
formation of a pupil. In cases in which the irido-cyclitis has been produced by 
a foreign body, the latter not infrequently is found imbedded in this shell of 
exudate. Besides the above-mentioned tissue constituents there are often found 
in the exudation-membranes new-formed blood-vessels which have developed 
from the neighboring organs, the iris and ciliary body, and also pigment which 
takes its origin from the retinal pigment-layer of the iris and of the ciliary 
body. The lens which is inclosed in the exudation-membranes forms with 
these a rigid diaphragm separating the anterior from the posterior section of 
the eyeball. The lens becomes opaque and disintegrates, its capsule ruptures, 
and masses of exudate penetrate into the capsular sac. If these masses after- 
ward become ossified, the picture—to be sure only an apparent one—of ossifi- 
cation of the lens may be developed. 

By the subsequent shrinking of the exudation-membranes softening and 
diminution in size of the eyeball—atrophy of the eyeball—are produced. The 
anterior chamber becomes narrower, because the shell of exudate which is 
stretched between the ciliary processes and arches over the posterior surface of 
the lens (8, Fig. 60), as it shortens tends to become approximated to a straight 
line (c, Fig. 61), and in so doing presses the lens forward. In other cases, on 
the contrary, the cicatricial traction may manifest itself more in a backward 
direction, so that the anterior chamber becomes deeper. Through the same 
force of traction cicatrices in the cornea or in the sclera, with which the exu- 
dates are connected, are drawn steadily inward (NV, Fig. 62); hence the de- 
pression of cicatrices after injuries or operations is always to be considered a 
bad omen for the course of the disease. The traction of the exudates further- 
more causes detachment of the retina (7, Fig. 62) and often, too, detachment 
of the ciliary processes and even of the chorioid (ch). The cavity of the 
vitreous is reduced to a small space (g) lying directly behind the lens. The 
space beneath the retina (s) and also beneath the chorioid, wherever de. 
tached (q@), is filled with an albuminous transudation and often also contains 
extravasated blood. In advanced atrophy, the sclera (S) is thrown into folds 
and is thickened in spots. The shell of exudate not infrequently becomes ossi- 
fied later on and, if the chorioid has participated in the process of exudation, 
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the whole back part of the eye may be occupied by a shell of bone. The optic 
nerve is atrophied to a thin strand of connective tissue. 


70. Etiology of Iritis and Cyclitis—Iritis and cyclitis are either 
primary or secondary in their development. In the first case, the 
original site of the disease is in the iris or ciliary body itself ; in the 
second case, there is an affection of neighboring parts, which has been 
transmitted to the iris and the ciliary body (e. g., in iritis with abscess 
of the cornea). Primary inflammation of the iris and ciliary body as 
well as of the uvea in general is caused in the majority of cases by a 
deep-seated general disease, such as syphilis, scrofula, etc. ; and many 
of those cases which at present we still regard as purely local inflam- 
mations and which, because their origin is unknown to us, we desig- 
nate as idiopathic, certainly belong in the same category. In propor- 
tion as our knowledge of the interdependence of morbid phenomena 
increases, the group of so-called idiopathic inflammations of the uvea 
will melt away. Among the primary iritides the only ones of undoubt- 
edly local nature are traumatic and sympathetic iritis. 

We may, therefore, classify the inflammations of the iris and the 
ciliary body with reference to their etiology according to the subjoined 
scheme. In it, as well as in the subsequent description, the expression 
‘“‘iritis”’ stands for the sake of brevity as the representative of iritis, 
cyclitis, irido-cyclitis, and irido-chorioiditis—that is, for all inflamma- 
tions which predominantly affect the anterior part of the uvea: 

( 1. Iritis syphilitica, 
2. Iritis scrofulosa. 


( Iritis in con- on 
3. Iritis tuberculosa. 


| sequence of 
} general dis- 


ae : 
J 4, Iritis rheumatica. 
1 eases 5. Iritis gonorrhoica. 
= ey ie 6. Iritis in acute infectious diseases. 
1rltis. 


| 7. Iritis diabetica. 
Iritis as a ( 8. Initis idiopathica. 

local affec- 4 9. Iritis traumatica. 
tion. | 10. Iritis sympathica. 

B. Secondary iritis. 

A. Primary Iritis.—1. Syphilitic Iritis—Syphilis is by far the 
most frequent cause of iritis, since at least half of all the cases of iritis 
are referable to it. For the most part, it is acquired syphilis that we 
have to do with. The diagnosis of syphilitic iritis is very easy in those 
cases in which the characteristic formation of nodules (iritis papulosa) 
is present. ‘The nodules have a yellowish-red color, are of the size of a 
pin’s head or larger, and are situated either on the cilary or the pupil- 
lary margin of the iris, but never between the two zones in the mid- 
breadth of the iris. The nodules afterward disappear again by resorp- 
tion without any purulent disintegration taking place. At the places 
where they were situated, broad and solid synechiw are left, and there 
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is often also a circumscribed atrophy of, the tissue of the iris. At 
other times no distinct nodules are found, but several portions of the 
pupillary margin are greatly swollen, or at all events there are unusu- 
ally broad synechize which do not yield to atropine (4, Fig. 58). Fi- 
nally, in many cases iritis syphilitica presents absolutely no character- 
istic marks; the diagnosis, then, can be certainly established only 
through the demonstration of the existence of syphilis, or through the 
favorable action of antisyphilitic remedies. 

Syphilitic iritis generally belongs to the secondary stage of syphilis. 
It makes its appearance soon after the first eruptions upon the skin 
(macular or papular), for which reason we may compare the nodules in 
the iris to papules or to condylomata, and may designate the iritis as 
iritis papulosa. In most cases, the time when the iritis first appears is 
comprised within the first year after the infection has taken place. 
More rarely the iritis breaks out in the later stages of syphilis, and is 
then not associated with the formation of nodules. In exceptional 
cases, however, nodules do show themselves in this late form also and 
they must then be regarded as gummata (iritis gummosa). These are 
observed both in the iris and the ciliary body. They may attain great 
dimensions, break through the envelopes of the eyeball, and bring about 
the destruction of the eye. 

Tritis also occurs in consequence -of hereditary syphilis, although by 
no means as frequently as after acquired syphilis. Parenchymatous 
keratitis, dependent upon hereditary syphilis, is often associated with 
iritis. Sometimes it happens that the iritis becomes, comparatively 
speaking, very conspicuous, while the keratitis attains but a slight 
degree of prominence; and there may even be iritis without any kera- 
titis whatever. Ivitis due to hereditary syphilis is a disease of child- 
hood and youth, while iritis resulting from acquired syphilis is usually 
observed only in adults, 

Syphilitic iritis is very frequently associated with diseases of the 
posterior section of the eye—that is, with inflammation of the chorioid, 
retina, and optic nerve. Moreover, it displays a great tendency to 
recur. 

2. Lritis scrofulosa.—This bears in its appearance and course much 
resemblance to iritis due to hereditary syphilis. It is often marked by 
the presence of large, lardaceous-looking deposits or by lardaceous exu- 
dation masses, which appear to grow out from the sinus of the cham- 
ber. It is found in the ages of childhood and youth in scrofulous per- 
sons, and also in those suffering simply from anemia. 

3. Lritis tuberculosa.—See § 75, Tumors of the Iris. 

4. Iritis rhewmatica.—This occurs in persons who have been ill 
with articular rheumatism (arthritis rheumatica). It is the form of 
iritis which has the greatest tendency to recur. From the fact that in 
many cases the recurrences of the iritis coincide with recurrences of 
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the rheumatism (attacks of swelling in the individual joints), the con- 
nection between the two is demonstrated. Iritis also occurs as a result 
of arthritis deformans and arthritis urica [gout]. 

5. Tritis gonorrhoica develops in those cases in which gonorrhea 
has given rise to a general infection. This latter runs a course similar 
to that of acute articular rheumatism. First the knee-joint is attacked 
by inflammation, which may afterward migrate to the other joints also ; 
associated cardiac complications may even occur. This disease is 
known as gonorrheal gout [rheumatism]. Iritis does not generally 
set in until after the outbreak of the arthritis and frequently attacks 
both eyes, as in fact is also the case with the other iritides caused by a 
general lesion. Just as the gonorrheeal lesion of the joints is very 
similar to articular rheumatism, so also gonorrhceal iritis resembles in 
external features the rheumatic variety. Like the latter, too, it has 
very frequent recurrences, with which is frequently associated a renewal 
of the discharge from the urethra or a return of swelling in the affect- 
ed joints. 

6. Iritisin Acute Infectious Diseases.—Among these relapsing fever 
is the chief one in which iritis forms a frequent complication. It is 
usually protracted in its course, but ultimately goes on to a cure. 
Iritis is observed, but far more rarely, in variola, typhus fever, pneu- 
monia, etc. 

%. Iritis diabetica.—This is often associated with copious exudation 
into the anterior chamber (hypopyon), but on the whole runs a favor- 
able course (Leber). 

71. 8. Iritis idiopathica.—Under this head are comprised those 
cases in which the inflammation apparently develops spontaneously in 
the iris, without its being possible to make out the presence of any 
local cause (traumatism, etc.), or if a constitutional affection. In 
many cases a cold is charged with being the cause of the iritis, but in 
most instances the cause remains obscure. 

Acute idiopathic iritis is generally unilateral; it attacks none but 
adults, and those, in most cases, of the male sex. The iris of the adult 
man is much more prone to be inflamed than is the iris of the child. 
In childhood, therefore, iritis is rare anyway, and it does not occur at 
all as an idiopathic affection; on the contrary, if no local cause (trau- 
matism, sympathetic ophthalmia, transmission from the neighboring 
parts) is present, the existence of a constitutional affection can always 
be demonstrated. 

Chronic idiopathic iritis generally appears under the form of irido- 
chorioiditis chronica (also called iritis serosa). This disease is associ- 
ated with but very slight symptoms of inflammation ; injection of the 
eyes and pain are present only now and then, and with but little inten- 
sity when they do exist ; frequently the only complaint that the patients 
make at all is in regard to the steadily increasing disturbance of vis- 
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ion. Examination of the eye shows posterior synechize which slowly 
increase in numbers until finally seclusion of the pupil is developed. 
Almost always too there is a thin membrane present in the pupil. The 
iris becomes atrophic early, and afterward, when seclusion of the pupil 
develops, bulges forward in nodular projections. Hypopyon is never 
present, but instead there are very frequently fine deposits which point 
to the implication of the posterior division of the uvea, an implication 
which also manifests itself through the presence of opacities in the vitre- 
ous. As these opacities continually increase in number and the vitreous 
at the same time becomes liquefied, the latter is finally converted into 
an opaque, mucilaginous liquid. Subsequently opacity of the lens is 
added, and atrophy of the chorioid and retina sets in. The interfer- 
ence with vision in these eyes is, therefore, always much greater than 
the optical obstructions in the anterior division of the eye (deposits, 
membrane in the pupil) would lead one to expect. This disease, 
which really affects all parts of the eyeball, in most cases terminates in 
complete blindness. In consequence of the seclusio pupille, increase of 
tension sets in with blindness from excavation of the optic nerve; after- 
ward the eyeball may become ectatic. In other cases, blindness takes 
place under the guise of a gradually developing atrophy of the eyeball ; 
the eye becomes softer, and the retina undergoes total detachment. 

Chronic irido-chorioiditis almost always attacks both eyes. It runs 
so slow a course that years pass before complete blindness makes its 
appearance. It is a disease of advanced age. and is one of the most 
frequent causes of incurable blindness in elderly people. The cause of 
it appears in many cases to be seated in bad nutritive conditions, or in 
early cessation of the menses; but very often cases occur in patients 
who, apart from their eye trouble, are perfectly healthy. 

9. Lritis traumatica.—The causes of this are injuries of all kinds, 
especially if perforation of the eyeball has taken place, and particu- 
larly if a foreign body is left in the eye. Operations upon the eyeball 
are, of course, to be counted among the injuries, and of these those 
which are most dangerous with regard to iritis and irido-cyclitis are 
the ones which affect the vicinity of the ciliary body (cataract opera- 
tions). Injuries are the most frequent cause of those severe cases of 
irido-cyclitis which terminate in atrophy of the eyeball.* 

With traumatic iritis and irido-cyclitis in the wider sense of an in- 
flammation produced by direct injury to the iris, may be also enumer- 
ated the following cases: Iritis frequently develops when, after open- 
ing the lens-capsule, the masses of lens matter as they swell come into 
direct contact with the iris and press against it. The same is the case 
when there is pressure made upon the iris by a lens which is obliquely 
placed or completely dislocated. Finally, there might also be adduced 


* For further particulars see page 219. 
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in this connection those cases in which an intra-ocular tumor or 
cysticercus in a certain stage of development sets up a violent irido- 
cyclitis. 

The exciting cause in cases of traumatic iritis of the sort just 
adduced may be of three kinds: either mechanical injury (traction, 
contusion), chemical irritation (e. g., in the case of contact with swollen 
portions of the lens or in the case of a cysticercus) ; or, finally, infec- 
tion from without. The last-named cause is without doubt the most 
frequent. 

10. Lrido-cyclitis sympathica.—W hen inflammation is carried from 
an eye suffering with irido-cyclitis over to the other side and attacks 
the other eye, which has hitherto been sound, the disease produced in 
the latter is designated by the name of sympathetic inflammation. 
This inflammation, like the primary one, makes its appearance under 
the guise of an irido-cyclitis. 

In the majority of cases iritis sympathica is preceded by a prodro- 
mal stage. The patient notices that during the performance of fine 
work he is suddenly obliged to stop because the work grows indistinct 
before his eyes; after a period of rest he is again able to continue his 
work. ‘This interference with vision is caused by a weakness of the 
accommodation. Another symptom of the prodromal stage is sensitive- 
ness to light, and also, though not often, violent pain, the latter appear- 
ing sometimes at a portion of the eye which is symmetrically placed 
with reference to the diseased portion of the other eye. These symp- 
toms are also denoted by the name sympathetic irritation. ‘They may, 
in rare cases, exist for years without inflammation supervening. In 
most cases, however, after a short time (from a few days to a few weeks) 
they pass over into manifest inflammation. 

Sympathetic inflammation declares itself by a development of the 
objective symptoms of irido-cyclitis together with an increase of the 
subjective troubles just described. Ciliary injection, contraction of the 
pupil, discoloration of the iris, and the formation of synechiz are found. 
Deposits are almost never wanting, while, on the other hand, hypopyon 
is not ordinarily present; minute opacities show themselves in the 
vitreous. These changes sometimes set in insidiously, sometimes sud- 
denly with great photophobia and considerable pain. In the severest 
cases the very first attack of inflammation induces annular or total pos- 
terior synechia and occlusion of the pupil; in less severe cases it is 
possible, with suitable treatment, to effect after many weeks the disap- 
pearance of the inflammation, although a number of synechize are left 
behind. Unfortunately, a recurrence of the inflammation occurs almost 
without exception after an interval during which the cure is apparently 
complete. By reason of this and subsequent recurrences the eye at 
length is destroyed, either as the result of increase of tension (due to 
seclusio pupillw) or of a slowly developing atrophy. Those cases are 
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to be classed as the exceptions which run so favorable a course that the 
patient gets off with a single attack of inflammation, and retains an 
eye with serviceable sight. Since the severe cases are by far the most 
frequent, sympathetic irido-cyclitis must be regarded as one of the most 
serious forms of inflammation of the eye, and as one which almost 
always terminates in blindness. 

The affection of the first eye, which gives rise to a sympathetic in- 
flammation, is always an irido-cyclitis, and is, in fact, almost without 
exception, an irido-cyclitis traumatica, due to a penetrating injury of 
the eyeball. All cases of traumatic irido-cyclitis are not equally fraught 
with peril for the second eye. ‘To be regarded as particularly danger- 
ous are: (1) Those cases in which the injury has affected the region of 
the ciliary body, and particularly if it has left the iris or the ciliary 
body incarcerated in the cicatrix. For this reason, unsuccessful cases 
of Graefe’s cataract operation have become a frequent cause of sympa- 
thetic inflammation. (2) Cases in which a foreign body has been left 
in the eye. 

The point of time at which the greatest danger of the transmission 
of the inflammation exists is when the irido-cyclitis in the injured eye 
is at-its height. Hence sympathetic inflammation makes its appear- 
ance, in most cases, from four to eight weeks after the injury to the 
first eye has taken place. Later than this, when the traumatic irido- 
cyclitis has subsided and the eye has fallen a prey to atrophy, there 
need be generally no fear of sympathetic inflammation so long as the 
atrophic eye is free from inflammation and is not painful, either spon- 
taneously or to the touch. The danger for the other eye does not de- 
velop again until the atrophic eye becomes once more the seat of in- 
flammation and of pain—an event which, to be sure, very frequently 
occurs. The most usual cause for these recurring attacks of inflam- 
mation is the persistent presence of a foreign body in the eye or the 
continual shrinking and ultimate ossification of the exudates. In this 
way an eye which has been carried for many years in an atrophic state 
without causing trouble may suddenly become the cause of a sympa- 
thetic inflammation. While, therefore, the minimum period for the 
development of sympathetic irido-cyclitis is a few weeks (the shortest 
period hitherto observed is two weeks), no limits can be set to the 
maximum period; sympatnetic inflammation has been seen to appear 
forty years and more after the injury of the first eye. An eye which 
has been destroyed in consequence of injury is therefore a constant 
source of danger to the other eye. 

It is not necessary for the injured eye to be perfectly blind for it to 
excite sympathetic inflammation. Cases occur in which the eye has 
retained a remnant of visual power after the injury and the irido- 
cyclitis following it, and has yet given rise to sympathetic inflammation. 
In that case it may happen that the sympathetically affected eye un- 
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dergoes complete destruction, while the injured eye is still used to 
see with. 

It is important to know—especially with reference to prognosis and 
treatment—under what conditions sympathetic inflammation of the 
second eye occurs only as,a rare exception, and hence is generally not 
to be apprehended. ‘These conditions are: 1. Phthisis cornex, due to 
suppuration of the cornea (after abscess, acute blennorrhcea, etc.). 
2. Staphyloma of the cornea. 38. Glaucoma absolutum. 4. Phthisis 
bulbi after panophthalmitis. 

In what way does the transference of the inflammation from one 
eye to the other take place? This question has not, up to this time, 
been definitely decided. Mackenzie was the first to direct the atten- 
tion of physicians to the dependence of the inflammation of the second 
eye upon that of the first. His idea of the method of transmission was 
that the inflammation made its way backward along the optic nerve 
and passed over along the chiasm to the optic nerve of the other side, 
in which it traveled forward. This explanation was afterward given 
up, because the inflammation in the second eye made its appearance, 
not under the guise of an optic neuritis, but under that of an irido- 
cyclitis. Now, as the uvea is supplied by the ciliary nerves, the path 
of transmission was regarded as being in them. The ciliary nerves of 
the two sides are not connected with each other directly, as is the case 
with the optic nerves through the chiasm; hence the transmission of 
inflammation in this case can not be conceived of as a direct one. On 
the contrary, we should have to assume that the ciliary nerves starting 
from the inflamed eye cause an irritation in the nerve-center, which 
is transmitted like a reflex to the ciliary nerves of the other side and to 
their termination in the eye. 

Recently many (Leber, Deutschmann, and others) have returned to 
the old theory of transmission through the optic nerves. It is supposed 
that, through the injury of one eye, micro-organisms are introduced 
into it and multiply there. Then they are supposed to travel along 
the optic nerve and its sheaths from one eye across to the other and to 
excite inflammation in the latter. 

B. Secondary Iritis and Irido-cyclitis are the varieties which develop 
through transference of the inflammation from neighboring organs to the 
irisand ciliary body. Inflammations of the cornea are the lesions that most 
frequently give rise to it; and among these it is chiefly the suppurative 
keratides that are apt to i very fr equently complicated with iritis. Of 
the varieties of scleritis, it is the deep form which leads to inflammation 
of the iris and the ciliary body. More rarely, inflammations pass forws ar d 
from the posterior section of the eye to the iris. Under the head of in- 
flammations of this sort belong chorioiditis and detachment of the retina. 
The iritides thus produced are usually of a lighter sort or are chronic, 
sluggish forms. Finally, we may also put down to the account of sec- 
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ondary iritis the cases of iritis traumatica, already adduced, in which 
the iris is not affected by direct traumatism, as the iritis in swelling of 
the lens, in luxation of the lens, in intra-ocular tumors, cysticercus, etc. 


That form of syphilitic iritis which is associated with the formation of 
nodules is generally designated under the name of iritis gummosa. For it was 
believed that these nodular exudates were necessarily to be regarded as gummy 
tumors on account of their sharply circumscribed form, which gives them some- 
times just the appearance of small neoplasms. If we conformed to this view 
syphilis, which is characterized by circumscribed exudates (gummata) resembling 
new formations. But in so doing we should be contradicting clinical observa- 
tion, which shows that iritis with the formation of nodules, always sets in at 
the same time with the phenomena of the secondary stage. We are hence jus- 
tified in comparing the nodules in the iris with the papules and condylomata, 
which also belong to this stage, and in designating the iritis as iritis papulosa 
or condylomatosa (Widder). Another argument against the gummy nature of 
the nodules in the iris is the fact that they never break down nor suppurate, 
as gummata are apt todo. True gummata of the iris do exist, however, but 
they are extremely rare. 

Microscopical examination has proved that even in those cases of syphilitic 
iritis in which no nodules are visible to the naked eye, these may nevertheless 
exist, being simply too small to project perceptibly above the surface of the iris 
and become visible. They give evidence of their presence by the marked swell- 
ing of the margin of the pupil at a circumscribed spot or by a particularly broad 
and firm adhesion of the margin to the capsule of the lens. These appearances 
should therefore always excite a suspicion of the presence of syphilitic iritis. 

In addition to these signs the diagnosis of syphilitic iritis will, of course, 
always have to be based upon the history of the case or upon the demonstration of 
the presence of syphilis in the patient. But should we call every iritis which has 
no characteristic marks syphilitic, simply because it occurs in a syphilitic person ? 
In the majority of cases, to be sure, we should be right, since syphilis is, in 
fact, the most frequent cause of iritis; but still a syphilitic patient may also 
acquire an iritis from any other cause whatever. In the absence of other guides, 
the indication in every case is to initiate an antisyphilitic treatment. This will, 
in most cases, cause rapid improvement in iritis of syphilitic origin, while other 
kinds of cases are but little or not at all affected; from which fact a conclusion 
may be drawn as to the source of the iritis. The effect of antisyphilitic treat- 
ment is also of assistance in making the diagnosis in those cases in which we 
are in doubt as to whether a nodule in the iris is of syphilitic nature or must be 
regarded as a new formation (sarcoma, tubercle). 

Syphilitic iritis also occurs during intra-uterine life; the children then come 
into the world with the remains of it, such as synechie, occlusion of the pupil, 
atrophy of the iris, and even atrophy of the eyeball. 

SYMPATHETIC OPHTHALMIA.—The symptoms of sympathetic irritation which 
generally precede the inflammation are regarded by many as something entirely 
different from the latter and having no connection with it. They are thought 
to be produced through the ciliary nerves, while the transmission of the inflam- 
mation takes place through the optic nerves. It is adduced asa proof of the 
essential difference between irritation and inflammation that the former is cer- 
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tainly and permanently relieved by the enucleation of the eye originally af- 
fected, while this operation is powerless against sympathetic inflammation. 
On the other hand, it can not be denied that in very many cases the symptcms 
of inflammation develop so gradually and imperceptibly from the symptoms of 
sympathetic irritation that no sharp line of distinction can be drawn between 
the two, and the inflammation appears only in the light of an exacerbation of ~ 
the prodromal irritation. 

It is supposed that the sympathetic disease may appear not only in the form 
of an irido-cyclitis, but also under some other guise. The greatest variety of 
affections have been described as sympathetic. Among non-inflammatory affec- 
tions, cases of paralysis of accommodation, of amblyopia, and of blepharospasm 
have been adduced as sympathetic ; among inflammatory affections in the pos- 
terior division of the eye, neuritis, chorioiditis, and glaucoma; and in the an- 
terior division of the eye, conjunctivitis and keratitis. Most of these accounts 
are to be received with great caution, because observers have often gone too 
far in taking the sympathetic nature of the disease for granted. The fact that 
an eye has been destroyed through traumatism by no means justifies us in re- 
garding, without further proof, any subsequent disease of the other eye as sym- 
pathetic. This assumption should be made only when such disease presents the 
characteristic clinical picture of sympathetic irido-cyclitis, or when, upon the 
enucleation of the eye first diseased, the symptoms in the second eye recede too 
rapidly to be accounted for upon any other assumption than that the affection 
of the second eye was caused by that of the first. The converse of this infer- 
ence does not hold good—that is, the fact that enucleation of the first eye does 
not influence the course of the disease in the second is no argument against the 
sympathetic nature of the lesion; indeed, it is a well-established fact that when 
sympathetic ophthalmia has once broken out, enucleation of the eye first dis- 
eased is not generally able to cause much change. 

Can an irido-cyclitis of non-traumatic origin be transmitted to the other eye ? 
We very often see irido-cyclitis develop spontaneously first in one eye, then in 
the other. But we must not therefore at once conclude that the inflammation 
has been transmitted from one eye to the other. It may be that we have to do 
with a deeply seated common cause, generally of constitutional nature, which 
makes itself felt first upon one eye, then upon the other. Nevertheless, un- 
doubted cases of sympathetic inflammation have also been observed without any 
antecedent traumatism or perforation of the envelopes of the eyeball. In this 
category belong the instances of irido-cyclitis in the case of intra-ocular tumor 
and of cysticercus, in which the presence of a constitutional disorder as the 
common cause of the disease of the two eyes can be excluded. The fact de- 
serves mention that the wearing of an artificial eye over an atrophic stump may 
be the source of sympathetic inflammation through the iritation which it causes. 

In regard to the method of transmission of the inflammation, the view that it 
takes place by the way of the optic nerves is steadily gaining adherents. This 
view is chiefly based upon the experiments of Deutschmann. In animals, it is 
not possible to excite by the injury of one eye a sympathetic inflammation in 
the other. Hence Deutschmann has employed another method, namely, the in- 
jection of cultivations of fungi (epecially of the Staphylococcus) either into the 
eye itself or beneath the sheath of the optic nerve. He found that the fungi 
traveled from the site of injection along the optic nerves to the brain. At the 
base of the brain they made their way to the optic nerve of the other side, and 
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passed down upon this to the eye. Here they set up an inflammation in the 
form of a neuritis of the intra-ocular end of the optic nerve, and with this, in one 
or two cases, an irido-cyclitis was associated. The animals, moreover, speedily 
perished from general infection. Whether the inflammation which Deutsch- 
mann produced in this way in the second eye is identical with sympathetic in- 
flammation in man has not yet, to be sure, been certainly established. We shall 
hence have to wait for further proof before we can accept as perfectly certain 
the theory of the transmission of the inflammation by way of the optic nerves. 


72. Treatment of Iritis and Cyclitis.—In every case of iritis and 
cyclitis it is incumbent upon us, on the one hand, to combat the local 
symptoms (indicatio morbi) ; on the other, to remove the causes lying 
at their foundation (indicatio causalis). In many cases in which an 
etiological factor is not demonstrable, we are thrown back solely upon 
the symptomatic treatment. 

1. Symptomatic Treatment.—Atropine is the most important rem- 
edy in iritis. Inasmuch as it contracts the iris, it necessarily dimin- 
ishes the amount of blood in its vessels, and hence directly counteracts 
the hyperemia. By paralyzing the sphincter it fulfills a second indi- 
cation which requires every inflamed organ to be put at rest; the con- 
stant to-and-fro movement of the pupil is completely arrested by 
atropine. The third action of atropine consists in its rupturing poste- 
rior synechiz which already exist and in its counteracting the forma- 
tion of new ones, through the dilatation of the pupil that it causes. 
The amount of atropine administered must be carefully regulated 
according to the degree of the intensity of the iritis, During the 
period of increase of the inflammation it is usually difficult to obtain 
dilatation of the pupil, because a spasm of the sphincter exists. In 
this case we must instill atropine several times a day. If this does no 
good, we place a little granule of atropine in substance in the conjunc- 
tival sac (for the necessary precautions, see page 258); this is better 
than to instill the solution too frequently, by doing which irritation of 
the conjunctiva (atropine catarrh) is readily set up. By the simul- 
taneous employment of cocaine the action of atropine may be height- 
ened. When the inflammation is abating, atropine is simply instilled 
often enough to keep the pupil constantly dilated. 

In cases of irido-cyclitis in which the implication of the ciliary 
body is particularly prominent, and also in cases of pure cyclitis, atro- 
pine is not always well borne. For, in proportion as the iris becomes 
narrower and its vessels can contain less blood, the vessels of the ciliary 
body are overdistended, since they have to take up the blood which 
finds no lodgment in the iris. Hence, in such cases, we must be very 
cautious in the use of atropine, and must suspend it whenever we find 
that the pain increases after the instillation. So also, when an irido- 
cyclitis is combined with elevation of tension, the atropine must be 
stopped and, if necessary, replaced by a miotic. 
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In violent inflammation, moist warm compresses or poultices afford 
the best results, especially for the relief of pain. Cold compresses are 
generally not well borne, and are suitable only for recent cases of trau- 
matic iritis. Extensive bloodletting by means of six to ten leeches 
applied to the temple, or,by a Heurteloup’s artificial leech, may very 
greatly diminish the inflammatory symptoms in the bad cases; not in- 
frequently directly after such a bloodletting the pupil for the first 
time yields to the action of atropine, while before this it had remained 
in a constant state of spasmodic contraction. The production of pro- 
fuse diaphoresis often has a very marked effect. This can be obtained 
by the hypodermic injection of pilocarpine (one to four centigrammes 
at a dose), or by the administration of a hot tisane with from one to 
two grammes of sodium salicylate. The sweating may be repeated 
daily or every other day. 

Operative procedures are for the most part indicated more in the 
sequele of iritis than in recent inflammation. Paracentesis is per- 
formed whenever increase of tension sets in. It may also be tried in 
cases of long-persisting inflammation which will not yield to other 
remedies. As the aqueous escapes, the deposits upon the cornea are 
often washed out with it, and their escape can be facilitated by rubbing 
the cornea; but the removal of such deposits is not the proper aim of 
paracentesis. Iridectomy is performed only in very exceptional cases 
while inflammation still exists, being done either because in no other 
way can a stop be put to the inflammation or on account of an increase 
of tension. Much more frequently it is done as a prophylactic in cases 
of recurring iritis to prevent further recurrences. And, in fact, in many 
cases, an end is put once and for all to recurrences by this means; in 
other cases, however, this successful result fails to occur. 

A proper regulation of the mode of life in iritis requires first of all 
protection from the light, not only on account of the photophobia that 
is generally present, but also because light excites the pupil to contrac- 
tion. For the latter reason the protection against light must be applied 
to both eyes, since with the contraction of the pupil of one eye that of 
the other also tends to contract. The patient is kept in a moderately 
darkened room, or is made to wear dark goggles. This is better than a 
bandage, which it would be difficult to apply to both eyes. The patient 
should be moderate in eating and drinking, and should abstain from 
spirituous beverages. Care should also be taken to secure bodily rest 
by the avoidance of all physical exertion and in severe cases by rest in 
bed. The healthy eye should not be strained by reading, etc. More- 
over, it is important to see that the bowels move easily. 

2. Causal Indication.—With reference to the etiological factor, 
syphilitic iritis gives the most favorable prognosis, since it generally 
yields promptly to an energetic antisyphilitic treatment. The chief 
requisite is promptness of action, since we are dealing with a lesion in 
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which a few days may produce great and lasting damage (by the 
formation of a seclusio or occlusio pupille). Hence mercury is selected, 
and this is best applied in the form of inunction (two to four grammes 
of blue ointment being rubbed in daily). The inunctions should be 
kept up until the diseased eye has become perfectly free from discolor- 
ation and then potassium iodide (up to three grammes a day) may be 
used for after-treatment. In iritis due to hereditary syphilis less 
value is attributed to specific antisyphilitic treatment and more to the 
strengthening of the organism as a whole. 

In iritis rhewmatica sodium salicylate is administered, although 
not always with success. This drug also does good service sometimes 
in iritis gonorrhoica and iritis diabetica. In the former variety I have 
also employed with advantage the oil of gaultheria (fifteen drops per 
diem in capsules). 

In iritis trawmatica the causal factor is first of all to be done away 
with, in case it still continues to act. Foreign bodies are to be re- 
moved from the iris; portions of the iris that are much contused or 
are incarcerated are to be excised. A swelling or luxated lens causing 
iritis must be removed from the eye. To combat the inflammation of 
the iris, besides atropine iced compresses are employed in cases which 
are very recent. With respect to those traumatic iritides which follow 
an operation, the most important part belongs to prophylaxis. This 
consists in strict antisepsis during the operation; and, as a matter of 
fact, since this has been employed such iritides have become much 
more rare. 

Irido-cyclitis sympathica, too, is very amenable to prophylaxis, 
while, when it has once broken out, it often resists treatment of every 
kind. 

(a) The only certain prophylactic treatment of sympathetic inflam- 
mation consists in the enucleation of the eye which might give rise to 
it. ‘This is the case in every eye which has been made blind by injury 
and is painful either spontaneously or upon pressure. Most emphati- 
cally requiring enucleation are eyes which are suspected to contain a 
foreign body A contra-indication to enucleation is present only when 
the injured eye has still a serviceable residue of visual power or can 
get it through an operation. When this is not the case, enucleation 
should, under the circumstances above given, be performed without de- 
lay. In extreme cases, if the patient can not bring himself to consent 
to enucleation, it is permissible to wait until the prodromal symptoms 
of sympathetic disease make their appearance, since even in this stage 
enucleation is generally still able to prevent the outbreak of sympa- 
thetic inflammation. 

(5) When sympathetic ophthalmia has already broken out, the 
effect of enucleation is uncertain. In the lighter cases it appears to 
exert a favorable influence upon the course of the sympathetic inflam- 
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mation; in severe cases, on the contrary, it is often of no use and 
appears sometimes actually to increase the inflammation in the second 
eye. Hence we wait for an abatement of the inflammatory symptoms 
in the second eye before performing enucleation. 

The sympathetic inflanimation itself is to be treated according to 
general rules. Of especial importance is the protection of the diseased 
eye from light, which is most perfectly attained by long-continued 
bandaging of the eye. Operations generally give a bad result, since 
they start up the inflammation again, so that the newly formed pupil 
is once more closed by fresh exudate. Hence operations are done only 
when it is absolutely requisite (e. g., when done on account of increase 
of tension); other operations, such as, for example, an iridectomy for 
optical purposes, are put off as long as possible, preferably for years. 

73, Treatment of the Sequele of Iritis and Irido-cyclitis.—Jsolated 
posterior synechie@ can often be ruptured by the employment of atro- 
pine Here it is not so much a long-continued action as a very ener- 
getic one that is required, and this is most certainly secured by placing 
atropine in substance in the conjunctival sac. Still more effectual 
sometimes is the alternate use of miotics and mydriatics, the pupil 
being first contracted with eserine, then suddenly and energetically 
dilated with atropine. But since the iris is made hyperemic by eserine, 
attempts of this sort must not be made until some time has elapsed 
since the occurrence of the iritis. 

It is frequently possible to rupture synechizw which are narrow and 
drawn out into a point, while broad synechie (such as occur after 
syphilitic or sympathetic iritis) withstand all attempts. 

Annular posterior synechia (seclusio pupille) demands iridectomy 
unconditionally, the object being to restore the communication between 
the anterior and posterior chambers. The operation is often difficult 
on account of the shallowness of the anterior chamber (due to protru- 
sion of the iris), and also on account of the atrophy of the iris. Accord- 
ingly, we must often be contented if we succeed in making a small 
opening in the iris. Then the anterior chamber, in consequence of the 
restoration of the connection between the two chambers, regains its nor- 
mal depth, so that a second iridectomy can be performed later under 
more favorable conditions. 

In simple seclusio pupille, the iridectomy is made upward ; if occlu- 
sion is at the same time present, it is made inward. The latter rule 
also holds good for those cases in which occlusion alone exists (see 
§ 166). 

Total posterior synechia also requires iridectomy, which, however, 
is often void of result, as on account of the adhesion between the sur- 
faces of the iris and the lens it is frequently impossible to excise a suf- 
ficiently large piece of the iris, or because the pigment-layer of the iris, 
which has grown fast to the lens, remains attached to it. In such 
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cases the only thing to be done is to remove the lens, too, even if it is 
still transparent (Wenzel’s extraction). If the lens is atrophied or 
absent, iridectomy is indicated (see § 158). 

Too much caution can not be inculcated in regard to the senseless employ- 
ment of atropine, which, unfortunately, is still carried on by many general prac- 
titioners, who instill atropine in every kind of eye disease. In many cases—e. g., 
in conjunctival catarrh—atropine is not only superfluous, but also causes the 
patient annoyance through the disturbance of vision connected with its use; 
and in eyes which have a tendency to glaucoma, atropine may actually inflict 
great injury by determining an attack of acute glaucoma. Accordingly, atro- 
pine should be employed only upon quite specific indications, and should be 
applied no oftener than is requisite to obtain just the result desired. Even in 
iritis atropine is useless if the pupillary margin is adherent to the capsule 
throughout, and the iris hence can not retract. 

If, after an iritis, one or two posterior synechie are left which do not rupt- 
ure when atropine is energetically employed, we abstain from further treatment 
of them, since they generally do no harm to the eye. At the present time we 
have entirely desisted from releasing them by operation (corelysis). When, 
however, an annular synechia is present, we ought not to let it stay, but must 
make an iridectomy. This is also indicated in those cases in which the seclusion 
of the pupil is not yet indeed complete, but is on the verge of being so, only 
one small spot of the pupillary margin being free from it. For if we are deal- 
ing with a chronic irido-cyclitis, we can count upon this small spot soon becom- 
ing adherent too, and in that case it is better not to wait for the development 
of complete seclusion of the pupil. It is particularly advisable not to do so if 
the patient lives far from the physician, and might perhaps let the proper mo- 
ment for the iridectomy pass by. 

In cases of chronic irido-chorioiditis, iridectomy is not only mechanically 
efficient by removing the seclusio pupille, but it also has a favorable influence 
upon the entire nutritive condition of the eye. The vitreous clears up and the 
sight improves, often for quite a long time. If an operation is done upon eyes 
which have already begun to grow softer—that is, are on the road to atrophy— 
the eye in favorable cases fills out again, and the ocular tension becomes normal. 

In cases of iritis after injury the lens is very frequently found to be wounded 
too, and consequently opaque and swollen. In such cases the removal of the 
lens should not be undertaken unless an imperative indication for it exists— 
e. g., when the swelling of the lens must be regarded as the cause of the iritis, 
or if it produces elevation of tension. Otherwise it is better to put off the 
extraction of the lens till a time when all the inflammatory symptoms have sub- 
sided, because, if this is not done, an exacerbation of the existing inflammation 
might be caused by the operation. 

Although enucleation generally affords a sure safeguard against sympa- 
thetic inflammation of the other eye, nevertheless a series of cases is known in 
which, in spite of enucleation, inflammation has subsequently made its appear- 
ance. In every instance it has set in within a short time—from a few days to a 
few weeks—after the enucleation.* It must probably, therefore, be assumed 
that at the time of the enucleation the transfer of the inflammation had already 
begun, Yet even in this case enucleation does not fail to exert a favorable 


* The longest interval so far observed has been thirty-two days (Snell). 
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effect, since in the great majority of these cases the sympathetic inflammation 
runs an unusually favorable course, probably because the removal of the first eye 
prevents the constant emission from it of new impulses for the production of 
inflammation. 


II. IysurRies or THE IRIs. 


74, In addition to what has already been said in the previous sec- 
tions in regard to injuries of the iris and their consequences, the follow- 
ing special varieties of injury, which are most frequently observed after 
contusions of the eye, may be mentioned: 

1. Under the name of tridodialysis* is designated the separation 
of the iris from the ciliary body. We then find on one side, at the 
ciliary margin of the iris, a black crescent which is formed by the sepa- 
ration of the iris from its insertion at this spot, so that we can look 
into the interior of the eye (Fig. 63). When the separation is pretty 
considerable, the edge of the lens (/), the ciliary processes (p), and the 
fibers of the zonula of Zinn stretching between the two can be recog- 
nized by means of lateral illumination in the gap that is thus produced. 


Fic. 63.—IRIDoDIALysiIs. MAGNIFIED 2x1. 


The pupillary margin at a is made to slope off ina straight line. Ata point corresponding to 
this spot the iris is separated from the ciliary body and is narrower and somewhat folded. 
In the interval between the iris and the margin of the cornea are seen the margin of the 
lens, /, and the apices of the ciliary processes, p; the fine radiating striation between the 
oe structures corresponds to the zonula of Zinn. k, circulus iridis minor ; c, contraction 
urrows. 


The pupil has lost its round form, owing to the fact that the pupillary 
margin toward the side of the iridodialysis has shortened so as to 
occupy the chord of an arc instead of the arc itself (Fig. 63, a). The 
cause of this inward displacement of the pupillary margin les in the 
fact that the separated portion of the iris is stretched in a straight line 
by the contraction of the sphincter. By this means it is withdrawn 
from its insertion in the ciliary body, and its reunion with the latter is 
rendered forever impossible. The sight is but little affected by irido- 
dialysis; the only thing being that, if the eye is not accurately focused, 
monocular diplopia may occur, due to the formation upon the retina of 
an image both by means of the pupil and also of the peripheral open- 
ing (see § 123). 

Iridodialysis may occur to any extent, from a scarcely perceptible 
tear to complete separation of the iris from its ciliary attachment. In 


* From fps, iris, and d:idAvors, separation. 
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the latter case the iris becomes folded up into a ball which sinks to 
the bottom of the chamber, and which by the next day has shrunken 
into an inconspicuous little gray mass. Ifa rupture of the sclera has 
been at the same time produced by the injury, the separated iris may 
be expelled altogether from the eye through the scleral wound. In 
both cases complete absence of the iris, irideremia* or aniridia t 
traumatica., is produced. 

2. Radiating lacerations which start from the pupil. These may 
extend to the ciliary margin, so that the pupil at the site of laceration 
appears to be prolonged in the form of a pointed Gothic arch to the 
margin of the cornea. Such large lacerations, however, are rare. 
Generally the pupillary margin is simply torn into a little, and the 
laceration gapes so slightly that it is discovered only upon careful exami- 
nation, especially with the aid of a magnifying-glass. Such small lacer- 
ations are the most frequent cause of the dilatation of the pupil 
(mydriasis traumatica) which develops after contusions and which is 
founded upon the weakening or paralysis of the sphincter due to the 
laceration. This iridoplegia may disappear entirely in favorable cases, 
but in others a moderate dilatation of the pupil remains permanently. 
The ciliary muscle, too, may be paralyzed by a contusion, as manifested 
by the diminution of the amplitude of accommodation (recession of the 
near-point). 

3. Introversion of the iris (Ammon) consists in the bending back- 
ward of the iris in such a way that it gets to lie upon the surface of the 
ciliary body (0, Fig. 64). The iris is then invisible in its ordinary 
position, just as if it were wanting there. ‘Total introversion of the 
iris is very rare. Partial bending backward of the iris is more fre- 
quently observed, especially in scleral ruptures at the place correspond- 
ing to the rupture. Here the iris seems to be wanting, and a coloboma 
appears to exist just as if an iridectomy had been made (see page 217). 
In rupture of the sclera, however, a piece may really be torn out of the 
iris, so that a true coloboma traumaticum is formed. 

Injuries of the iris are generally accompanied by hemorrhage into 
the anterior chamber. The blood which arises from the ruptured ves- 
sels of the iris sinks rapidly to the bottom of the chamber (hyphema), 
and for the most part disappears by resorption within a few days. 
Then, and not before, are we able to investigate completely the damage 
which the iris has suffered from the injury, and we find perhaps an 
iridodialysis or radiating lacerations. But often even then it is impos- 
sible to discover a solution of continuity in the iris, and so the source 
of the bleeding remains unknown. In many of these cases the blood 
is supposed to come from a laceration of Schlemm’s canal (Czermak). 

Treatment.—lf the symptoms of irritation after the injury are par- 


* rom ipts and épnula, loneliness, want. + From 4 privative, and ips. 
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ticularly marked, we apply iced compresses for several days; in other 
cases it is sufficient to keep the injured eye under a bandage and to 
insure quiet on the part of the patient, secured, if need be, by rest in 
bed. If an iridodialysis can be made out, we instill atropine in order 
that the contracting sphincter shall, not draw the iris farther away 
from its point of attachment; in radiating lacerations, however, atro-. 
pine is contra-indicated, because it would make the lacerations gape 
still more. Iritis is generally not to be apprehended after injuries of 
the iris not connected with perforation of the membranes of the eye. 
With reference to the treatment of perforating injuries, see page 221. 


Iridodialysis is sometimes unintentionally produced in operations upon the 
iris. If the eye that is being operated upon makes a violent movement at the 
moment when the operator grasps the iris with the forceps, the iris may by this 
means be separated from its insertion 
to a varying extent, or even be torn out 
of theeye. Great hemorrhage into the 
anterior chamber is always the result 
of this unfortunate accident. In iri- 
dectomy done on account of occlusion 
of the pupil, iridodialysis may also be 
produced in the following way: The 
operator grasps the iris and tries to 
draw it out of the wound. To effect 
this it ought first to be set free from the 
pupillary membrane. But if the con- 
nection between the latter and the iris 
is very firm, the two do not separate, 
but the membrane and also the iris of 
the opposite side follow the course of 
the traction, so that an iridodialysis is 
produced upon the side opposite the 
iridectomy. Hence, in such cases, the 
iris ought always to be first released 
from the pupillary membrane by lateral 


is Fic. 64.—INTROVERSION OF THE IRIS. 
movements of the forceps before it is PStepeyepNnis) 


drawn out of the wound. The cornea is flattened, and consequently the 


Tridodialysis is produced. in a non- aqueous is pushed backward by the force 
: which acts upon the center of the cornea, 


traumatic way, when neoplasms of the c, in the direction aa,. As a result of 

one i . . this, the iris in its lower part, wu, bulges 

ciliary body grow out into the anterior out in the form of a sac, but at its upper 

3 " 4 part, o, is completely reversed, so as to 

chamber 80 as gradually to push the point straight backward. (See also the 
iris away from its insertion (cf. also explanation of Fig. 42, p. 224.) 


page 233). 

To account for the above-described traumatic changes in the iris, two fac- 
tors have to be taken into consideration. The first is based upon the flattening 
which the cornea undergoes through the contusion, and through which its cir- 
cumference and consequently also the circle of insertion of the iris become 
larger. (See in Fig. 64 the eye denoted by the dotted line.) If this enlargement 
takes place suddenly, the iris can not adapt itself to it and tears away in places 
from its insertion, so that iridodialysis is produced (Arlt). The second factor 
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consists in the circumstance that the blow which strikes the cornea and flattens 
it out also pushes the aqueous backward. The latter tends to recede and 
pushes against the posterior wall of the anterior chamber, which in the area of 
the pupil is formed by the lens and in the rest of its extent by the iris. The 
latter, when pushed backward, finds a support in the lens except at its mar- 
ginal portion which lies outside of the margin of the lens. Here the posterior 
chamber is deepest and is bounded posteriorly only by the feeble zonula of 
Zinn. The periphery of the iris, therefore, forms the most yielding spot in the 
posterior wall of the anterior chamber and the one which is the first to give 
way before the pressure of the receding aqueous. Hence the iris is bulged out 
backward by the aqueous in the form of a sac extending as far as the zonula, or, 
if this ruptures, even into the vitreous (Fig. 64, uw). The direct consequences 
of this dislocation of the iris are threefold: marked stretching of the fibers of 
the iris in a radial direction; dilatation of the pupil; and, finally, in extreme 
cases, rupture of the zonula. The first factor may result in iridudialysis. The 
sudden dilatation of the pupil may cause radiating lacerations of the sphincter 
and consequently paralysis of the latter. The rupture of the zonula causes 
tremulousness, subluxation, or luxation of the lens. If the dilatation of the iris 
is of a sufficiently high degree, the lens, which is no longer held in place by 
the zonula, may slip through the pupil into the anterior chamber, where it is 
then held captive by the iris, which again contracts behind it (luxation of the 
lens into the anterior chamber). Finally, the sac-like inversion of the periphery 
of the iris may be so extensive that the iris at one spot is completely reversed 
and points straight backward (Fig. 64, 0), and introversion of the iris is pro- 
duced (Forster). 


III. Tumors oF THE [RIS AND CILIARY Bopy. 


75. 1. Cysts of the Iris.—Serous cysts occur in the iris, which are 
filled with a clear substance, and which develop within the stroma of 
the iris, so that their walls are formed by rarefied iris-tissue. They 
develop after penetrating wounds of the eyeball, and grow very gradu- 
ally until they have reached the posterior surface of the cornea, and 
fill at least half the anterior chamber. Then elevation of tension 
is superadded, and in consequence of this the eye becomes entirely 
blind To prevent this, the cysts must be removed in season by an 
operation. This is performed by making an incision at the margin of 
the cornea at a point corresponding to the cyst; the forceps is en- 
tered through the incision, and the cyst, together with the adjoining 
iris, is drawn out and excised. Often complete removal is not possible, 
in which case a recurrence of the cyst is to he expected, which will 
require a new operation. 

2. Tuberculosts of the Iris.—This is observed in children and young 
people. It occurs as disseminated (miliary) tuberculosis and as con- 
globated (solitary) tubercle—i. e., either in the form of small nodules 
or as a larger growth resembling a neoplasm. Eyes attacked by tuber- 
culosis of the iris are usually lost, but cases of spontaneous recovery 
have also been observed. In consideration of this fact, we at first con- 
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fine ourselves, in the lighter cases, to an expectant treatment, in which 
the hygienic management of tuberculosis must play the chief part. But 
if the disease, nevertheless, keeps on and blindness is impending, it is 
better to remove the eye by enucleation, that it may not be the source 
of a further extension of the tuberculosis. 

3. Sarcomata.—Sarcomata of the iris are for the most part pig- 
mented, brown tumors, which grow at first very slowly, afterward more 
rapidly, until they fill the anterior chamber, and finally, breaking 
through the envelopes of the eye, extend their growth exteriorly. 
Sarcomata of the ciliary body remain for a long time unnoticed, since 
they are covered by the iris. It is not until they have reached a cer- 
tain size that they are seen as a brown projection behind the iris, or are 
recognized by their growing forward into the anterior chamber. This 
latter process takes place at the angle of the chamber, where they push 
the iris away from its insertion (iridodialysis). With regard to their 
subsequent course, sarcomata of the iris and the ciliary body resemble 
those which spring from the chorioid, to which reference must be made 
for particulars (§ 80). The only treatment for these tumors is radical 
removal, which should be performed as early as possible. Very small 
sarcomata of the iris can be removed by iridectomy, those parts of the 
iris which bear the nodules of the tumor being excised. Larger sar- 
comata of the iris, and also sarcomata of the ciliary body, require enu- 
cleation of the eye without delay. 


Serous cysts of the iris are a very rare affection. They appear under the form 
of grayish, transparent vesicles whose anterior wall usually shows still one or two 
fibers of rarefied iris-tissue, and also some pigment. When they have reached 
the posterior surface of the cornea, they flatten out upon it, while the cornea at 
the point of apposition becomes cloudy, as it always does when in contact with 
foreign tissue. Meanwhile the cyst has already reached the pupillary margin of 
the iris and pushes it forward into the pupil, so that the latter becomes kidney- 
shaped, and afterward even reduced to a slit. Moreover, the cyst keeps extend- 
ing backward, too, and thus induces obliquity and afterward opacity of the 
lens. All these factors give rise to disturbance of vision, which, to be sure, is 
frequently unnoticed by the patient, whose vision has already been impaired by 
the injury. 

Still more rare than serous cysts are the pearl-cysts, which are distinguished 
from the serous cysts by their contents, which are pultaceous, tallowy, or like 
gruel; in rare cases hairs are also found in them. 

Microscopical examination of the cysts has proved that their walls are formed 
by iris-tissue, while their inner surface is lined with epithelium, which secretes 
the serous contents of the cyst; in the pearl-cysts the pultaceous contents are 
formed by the epithelial cells which are constantly thrown off from the inner 
surface and undergo fatty disintegration. 

How do cysts arise? Normally there are nowhere in the iris either glands 
or epithelium, so that the ordinary retention-cysts are not to be thought of. 
The epithelium must have been brought into the iris from outside. How this 
is possible is clear to us when we remember that cysts of the iris develop, as a 
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rule, only after penetrating injuries. ~ By means-of the body which causes the 
injury some epithelium from the outside is torn off of the edges of the lids, the 
conjunctiva, or the cornea, or perhaps a cilium is torn off with its follicle, and 
these are carried into the eye. There they are deposited in the anterior cham- 
ber, or perhaps in the tissue of the iris itself. The epithelium implanted here 
finds favorable conditions for its nutrition and keeps on growing; afterward a 
cavity forms inside of it through the accumulation of fluid, which pushes the 
epithelial cells apart and converts them into a coating for the newly formed 
cyst-cavity (Buhl, Rothmund). In support of this explanation, which up to 
this time appears to be the best one, experimental implantations of fragments 
of living tissue have been made in the chamber of the eye (Doremaal, Gold- 
zicher). The introduced tissue becomes vascularized by the vessels of the 
iris and grows to a certain size, after which it undergoes regression. An at- 
tempt has been made to account for the development of the cysts in another 
way. De Wecker assumes that a part of the posterior chamber is converted 
into a sac by means of posterior synechie, and afterward through accumulation 
of liquid dilates into a cyst-cavity. According to Alt, anterior synechie also 
can produce sacculations of this sort. Everbusch thinks that at first, in conse- 
quence of the injury, a separation of the innermost lamella of the hgamentum 
pectinatum takes place (e. g., through the extravasation of blood beneath it). 
This separation keeps going on in a centripetal direction, so that the tissue of 
the iris is gradually forced apart as far as the pupillary margin into two layers, 
the walls of the cyst. With regard to the rare cases of spontaneous—i. e., 
non-traumatic—cysts of the iris, Schmidt-Rimpler conjectures that they arise 
from a closure of the orifice of a crypt with subsequent accumulation of fluid 
in its cavity. Not to be confounded with the cysts of the iris are the cys- 
ticercus vesicles, which in very rare cases are observed in the anterior chamber. 
They either lie free in the latter or are attached to the anterior surface of 
the iris. 

Tuberculosis of the iris is a very rare disease, which, however, is well under- 
stood, as it can be produced experimentally. Cohnheim has shown that tuber- 
culous iritis can be set up by the introduction of tuberculous masses into the an- 
terior chamber. The tuberculous masses (fragments of excised tuberculous 
lymphatic glands, granulations removed from tuberculous joints by scraping, 
etc.) must be aseptic—i. e., free from pyogenic germs—as otherwise, upon their 
inoculation into the anterior chamber, violent irido-cyclitis or even panophthal- 
mitis would be produced, by which the eye would be destroyed. It is safer, 
therefore, to employ pure cultures of tubercle bacilli for the inoculation. The 
fragments of tuberculous tissue, when introduced into the anterior chamber, ex- 
cite there a slight irritation, which, after a few days, disappears again. As the 
fragments of tissue themselves are also rapidly absorbed, the eye soon appears 
perfectly normal again, as if the inoculation had remained without result. But 
in twenty or thirty days afterward the eye begins to become red once more, and 
the phenomena of iritis make their appearance; at the same time small gray nod- 
ules are noticed in the iris. These increase in number, become confluent, after- 
ward fill the anterior chamber, and finally break their way through to the outside. 
Generally the animal experimented on afterward perishes from the development 
of general tuberculosis due to infection starting from the eye. Tuberculous 
iritis is employed as a means of demonstrating the tubercular nature of ex- 
cised pieces of tissue, for which purpose we introduce the latter into the ante- 
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rior chamber of a rabbit’s eye, and see if tuberculous nodules develop after the 
usual period in the iris. 

The tuberculosis of the iris experimentally introduced in animals is a pri- 
mary tuberculosis, but tuberculosis of the iris in man is secondary—i. e., has 
originated from another tuberculous focus somewhere in the body. Asa mat- 
ter of fact, in most cases of tnberculosis of the iris, signs of tuberculous disease 
in other organs (lungs, lymphatic glands, bones, etc.) are also found. In many 
cases, to be sure, the patients appear to have been perfectly healthy up to the 
time of their eye trouble, but even in these cases a primary tuberculous focus 
(e. g., caseous bronchial glands), although not demonstrable clinically, must be 
assumed to exist—in fact, the iris, on account of its protected situation, can 
not be infected by tubercle bacilli from without, as, for example, the conjunc- 
tiva can, in which primary tuberculosis is not so very rare. Direct tuberculous 
infection of the iris would be conceivable only as a consequence of penetrating 
wounds—a thing which I have actually observed in one instance. 

Disseminated tuberculosis of the iris occurs in man under the form of an 
iritis, which presents as its characteristic feature the small, gray, transparent 
nodules spoken of. These are in a state of constant change, some disappearing 
while others are being newly formed. Recovery may finally take place; more 
frequently, however, atrophy of the eyeball occurs in consequence of plastic 
irido-cyclitis. The disease often appears on both sides. Removal of individual 
nodules through excision by an iridectomy of the portion of iris bearing them 
is generally useless, since new nodules form afterward in other parts of the iris. 

The solitary tubercle has hitherto been observed only upon one side. It either 
develops simultaneously with the miliary nodules, or, more frequently, without 
them and without any symptoms of iritis, so that it resembles a neoplasm; in- 
deed, it was at first described as such by Von Graefe, under the name of granu- 
loma, because Virchow, who made the anatomical examination of the tumor, 
designated it as granulation-tissue. Its subsequent course seems at first to con- 
firm the diagnosis of a neoplasm, since the tumor keeps growing constantly, 
and finally, perforating the cornea near its margin, forms a proliferating mass 
outside. But then, instead of a larger tumor developing from this, which 
keeps growing on indefinitely, the tumor breaks down, so that ultimately noth- 
ing is left of the eyeball but an atrophic stump. Haab was the first to bring 
proof of the fact that these tumors, formerly designated as granulomata, are 
tubercles. As far as treatment is concerned, however, this mistake in diagnosis 
would be of little significance, since enucleation is indicated alike in the case 
of a neoplasm and in that of a granuloma. The eye which bears a granuloma 
is, in fact, lost for purposes of vision, and may become the source of a general 
tuberculous infection. Solitary tuberculous tumors have also been observed in 
the ciliary body. 

There are cases in which, owing to the formation of nodules in the iris, 
the clinical picture of a disseminated tuberculosis is simulated, while another 
disease is at the bottom of them. So it is in the rare cases of iritis with the 
formation of nodules in leukeemia and pseudo-leukemia. Similar cases, fur- 
thermore, are those in which nodules have formed in the iris with violent in- 
flammatory symptoms some months after the hair of a caterpillar had got into 
the eye. Examination of the excised nodule shows that it contains caterpillar- 
hairs, which have bored their way through the cornea and into the iris (Pagen- 
stecher, Weiss, Wagenmann). 

20 
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The name of granuloma of the iris has also been bestowed upon granulating 
prolapses of the iris when they develop into small, mushroom-shaped growths. 
It is better not to use this designation; it gives rise, on the one hand, to con- 
fusion with the tubercles called granuloma, and, on the other hand, to the in- 
correct assumption that the thing in question is a neoplasm. 

Benign tumors, called melanomata, occur in the iris. They are found under 
two different forms: The first consists in the outgrowth of a blackish tumor 
from the stroma of the iris into the anterior chamber. This kind of melanoma 
arises from the proliferation of the pigmented stroma-cells of the iris. The sec- 
ond kind of melanoma has its seat at the pupillary margin of the iris. It develops 
from the cells of the retinal pigment-layer at the spot where it is reflected upon 
the anterior surface of the iris at the edge of the pupil. Here small black 
nodules develop which project into the pupil. Sometimes, in consequence of 
the alternating movements of the pupil, they become separated from the pupil- 
lary margin and then lie free in the anterior chamber. A feature common to 
both kinds of melanoma is that they are benign tumors which reach only a cer- 
tain size. Nevertheless, cases are known in which pigmented sarcomata have 
afterward developed from melanomata of the first kind. 

The differential diagnosis of tumors of the iris sometimes presents difficulties. 
A non-pigmented nodular tumor in the iris may be a syphilitic growth (papule 
or gumma), a solitary tubercle, or an unpigmented sarcoma. The distinguish- 
ing marks are as follows: 

1. The sarcomata contain most vessels; the syphilitic growths have fewer, 
the tuberculous masses scarcely any vessels passing through them. In the case 
of the tubercles, small gray tuberculous nodules of characteristic appearance are 
sometimes found in the neighborhood of the large tumor. 

2. Papules of the iris are situated only at its pupillary and ciliary margins 
—never at other spots—while other tumors may take their origin from any 
point whatever of the surface of the iris. 

3. With syphilitic and tuberculous tumors, iritis appears earlier than with 
sarcomata. 

4, Tubercle is found, as a rule, only in people under twenty, while both 
the other kinds of tumors usually occur after that age. 

5. Particular importance must be attached to the general examination of 
the patient, with the purpose of determining whether symptoms of syphilis or 
tuberculosis are found in other organs. In doubtful cases it is justifiable to 
initiate an energetic mercurial treatment, from the result of which a conclusion 
may be drawn as to the nature of the tumor. 

Among the pigmented tumors, pigmented sarcomata and melanomata (of 
the first variety) resemble each other exceedingly. They can be distinguished 
with certainty only by determining, from the previous history or from observa- 
tion, whether a process of growth exists or not. 

As tumors of very rare occurrence may be mentioned : Vascular tumors 
(Mooren, Schirmer); myomata (Lagrange) and myo-sarcomata (De Wecker and 
Iwanoff, Dreschfeld, Deutschmann) springing from the ciliary muscle; and, 
lastly, lepra nodules (Bull and Hansen). 


IV. DisorpERS OF MOTILITY OF THE IRIS. 


76. Disorders of motility of the iris manifest themselves in dimin- 
ished reaction of the latter, but chiefly in alteration of the diameter of 
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the pupil. This alteration is particularly striking when the disease 
affects but one eye, so that a difference in the pupils (anisocoria *) re- 
sults. ‘This is always to be regarded as a pathological condition, since 
in the normal state the two pupils are of the same size under all cir- 
cumstances. The pathological alterations of the diameter of the pupil 
comprise dilatation (mydriasis), and contraction (miosis) of the pupil. 
Either of these conditions may be brought about by spasm (active or 
spastic states) or by paralysis (passive or paralytic states). Spastic 
mydriasis is produced by active contraction of the fibers which dilate 
the pupil; paralytic mydriasis, on the contrary, by paralysis of the 
sphincter. The converse is true of miosis. Spastic miosis is to be re- 
ferred to contraction of the sphincter; paralytic miosis to paralysis of 
the fibers which dilate the pupil. 


(a) Mydriasis. 

Spastic mydriasis accompanies conditions of cerebral irritation of 
the most widely differing kinds. 

Paralytic mydriasis is far more frequent. It is caused by paraly- 
sis of the fibers of the oculo-motor nerve, whose branches innervate 
the intrinsic muscles of the eye—i. e., the sphincter pupille and the 
ciliary muscle. These two muscles are hence generally found to be 
paralyzed simultaneously. The oculo-motor paralysis may be a dif- 
fused one—i. e., affect several or all of the branches of the nerve—or 
it may be confined to the pupil (either alone or in conjunction with 
the muscle of accommodation). Such isolated paralyses occur—l. 
In the beginning of chronic cerebral diseases. 2. In syphilis. 3. 
Through the action of poisons. Among these belong, first of all, 
the alkaloids known as mydriatics. Paralysis of the pupil and of 
accommodation also occur in case of poisoning by the toxic prin- 
ciples of putrefaction (rotten meat, fish, sausages, etc.). 4. After 
diphtheria (cf. § 151). 

Paralyses of the pupil and of accommodation, occurring after con- 
tusions and in case of increased tension, are accounted for by an en- 
tirely local lesion of the sphincter and the muscle of accommodation. 
In the case of contusions, besides the concussion, small lacerations and 
extravasations of blood into the muscles are also met with. In the case 
of increased tension the paralysis is produced by the pressure upon 
the nerves, with which is very soon associated atrophy of the mus- 
cular fibers themselves. 

The dilatation of the pupil in complete blindness (amaurosis) is not 
to be regarded as a disorder of motility of the iris, but simply as a 
physiological cessation of the pupillary reflex when the perception of 
light is deficient. 


* From 4 privative, fvos, equal, and képn, pupil. 
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(6) Miosis. 

Spastic miosis is observed in beginning meningitis. The greatest 
degree of spastic miosis is produced by the alkaloids which contract 
the pupil (miotics); other poisons, such as opium, chloral, and nico- 
tine, also cause contraction of the pupil, though in less degree. 

Paralytic miosis is one of the most important symptoms of paraly- 
sis of the cervical sympathetic. Moreover, it very frequently accom- 
panies spinal lesions, especially tabes dorsalis Spinal miosis is very 
often distinguished by the fact that the pupil has ceased to react to 
light, while it still contracts synchronously with accommodation and 
convergence (Argyll-Robertson phenomenon ; see page 261). 


Enlargement and diminution of the pupil in themselves cause no 
considerable interference with vision if they are not combined with 
paralysis of accommodation. Hence they are but seldom, in them- 
selves, the subject of treatment; their chief significance lies in their 
being an important symptom of a deeply seated and wide-spread dis- 
order. This latter, therefore, as a rule, is alone the object of treatment. 
Paralytic mydriasis may be treated symptomatically by miotics and 
electricity. 


Paralysis of the sympathetic is characterized by a series of symptoms which 
Horner was the first to describe fully. The pupil is contracted through paraly- 
sis of the fibers which dilate it—a fact which is particularly manifested in the 
non-dilatation of the pupil when the eye is shaded. The palpebral fissure is 
smaller in consequence of drooping of the upper lid. This moderate ptosis is 
caused by the paralysis of the smooth muscular fibers in the upper lid (the mus- 
culus palpebralis superior described by Miller), which are supplied by the sym- 
pathetic. The eyeball itself often seems to have sunk back into the orbit and 
to be less tense. An important symptom is the difference in the fullness of the 
vessels on the two sides of the face. Ina recent paralysis the face is redder 
and warmer on the paralyzed side; afterward, the opposite is the case, the para- 
lyzed side being paler, cooler, and no longer sweating (a thing easily made out 
in men by the hat-lining, which is stained with sweat on one side and not on 
the other). The causes of sympathetic paralysis are usually the coarser lesions 
of the nerve in the neck, such as injuries of an accidental nature (among others, 
those resulting from a fracture of the clavicle), or those inflicted in the extirpa- 
tion of tumors, or pressure by tumors (most frequently goitre or enlarged lym- 
phatic glands). Among central diseases lesions of the spinal cord, such as tabes 
or injury of the uppermost part of the cervical cord, have been observed as the 
cause of sympathetic paralysis. In many cases it is impossible to find a cause. 
The paralysis, in addition to the inconsiderable disfigurement due to the slight 
ptosis, causes no annoyance, and not infrequently is first discovered accidentally 
by the physician. 

Under the name of hippus is designated a pathological condition which con- 
sists in a constant and rapid change in the diameter of the pupil. Since even 
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under physiological conditions the pupil never remains quite at rest, it is hard 
to draw the line between physiological and pathological inquietude of the pupil, 
and many believe that a genuine hippus does not exist. 

For disorders of motility of the ciliary body, see under the anomalies of ac- 


commodation (§ 151). ’ 


V. CoNGENITAL ANOMALIES OF THE IRIS. 


77. 1. Membrana Pupillaris Perseverans (persistent pupillary 
membrane).—This consists of a gray or brown tissue which lies upon 
the anterior capsule of the lens in the region of the pupil, and is usu- 
ally connected with the iris by brown filaments. Very frequently only 


Fic. 65.—REMAINS OF THE PUPILLARY MEMBRANES. 


This rises under the form of a small filament, c, from the circulus minor iridis, and runs to the 
pupil, in the center of which it becomes attached to a small, round, white capsular opacity. 
In spite of the filament, the lower half of the iris has retracted widely under atropine, so 
that the filament is greatly elongated ; but the upper part of the iris is prevented by two 
posterior synechiz (a and b) from submitting readily to the action of atropine. (See ex- 
planation to Fig. 58.) 


those filaments are present which run from one portion of the pupil- 
lary margin to the opposite, and thus bridge over the pupil, or which 
pass from the iris to the capsule of the lens. They bear a great re- 
semblance to the posterior synechiw remaining after iritis, but do 
not, like the latter, rise from the pupillary margin itself, but outside 
of it, from the circulus iridis minor, which lies on the anterior sur- 
face of the iris (c, Fig. 65), and which, as embryology shows (see page 
267), gives off the vessels for the pupillary membrane. 


Fia. 66.—CoNGENITAL CoLOBOMA OF THE IRIS. HNLARGED 2x1. 


The pear-shaped pupil is encompassed by the sphincter, which grows more and more narrow 
Below, so that oe te lowest part of the coloboma it is no longer visible ; on the other hand, 
the black fringe belonging to the retinal pigment of the iris is here proportionately broader. 
The contraction-furrows of the iris are only present in its upper part. 


2. Coloboma* Tridis.—Congenital coloboma of the iris is always 
situated below. The pupil is continued downward to the margin of 


* From xoAdBwua, mutilation. 
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the cornea, growing narrower all the time, so that it has a pyriform 
shape with the apex at the lower margin of the cornea (Fig. 61). The 
sphincter lines the margin of the pupil together with the coloboma as 
far as the apex of the latter. Congenital coloboma is thus distin- 
guished from the artificial one made by iridectomy. In the latter the 
sphincter is wanting in the course of the coloboma, because it has been 
excised; it is seen to end with sharp edges at the boundary between 
pupil and coloboma (cf. Fig. 161, @ and a). Coloboma of the iris is 
very frequently combined with coloboma in the chorioid and in the 
ciliary body (see § 81), and sometimes also with a small indentation of 
the edge of the lens (coloboma of the lens) at the spot corresponding 
to the coloboma in the iris. 

3. Irideremia (aniridia).—The iris may be wanting either alto- 
gether or all except a small residual portion. This defect is frequently 
complicated with congenital opacities in the cornea or in the lens. 

4. Ectopia Pupilie.*—Even in the normal eye the pupil is not pre- 
cisely in the center, but is usually placed a little below and to the inner 
side of it. While usually this can be noticed only upon careful exami- 
nation, there are cases in which the displacement is so great as to be 
obvious at once; indeed, the pupil may be situated quite excentrically, 
in the neighborhood of the corneal margin. The displacement has 
been observed to occur in different directions, and is frequently compli- 
cated with a corresponding dislocation of the lens (ectopia lentis). 

The congenital anomalies above described are found, for the most 
part, on both sides. They are apt to be inherited, so that they are 
frequently found in several members of the same family; they are often 
also met with in conjunction with other congenital anomalies. For 
the latter reason the disturbance of sight is often much more consid- 
erable than would be expected from the optical conditions. In such 
eyes there frequently exists very great myopia, hypermetropia, or astig- 
matism, or deficient development of the retina or of the whole eye it- 
self, the latter being considerably smaller than usual (microphthalmus). 


Persistent pupillary membrane is of comparatively frequent occurrence in 
new-born infants, but afterward disappears, except in the few cases in which 
remnants of it persist during the whole life. The brown filaments stretching 
from the pupil to the capsule of the lens are blood-vessels which have been 
obliterated and enveloped in pigment. They do not hinder the free movement 
of the pupil. Moreover, under atropine the pupil dilates ad maximum without 
suffering any change in its roundness, because the filaments are so extremely 
extensible. In this fact is presented a further mark distinguishing the pupillary 
membrane from the synechi acquired through inflammation. 

Congenital coloboma of the iris occurs under different forms. Besides the 
pear-shaped colobomata above described there are sometimes observed some in 
which the pupil has the shape of a key-hole, as in artificial coloboma. A special 


* Also called corectopia, from épn, pupil, ék, out of, and rémos, place. 
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variety is the bridge coloboma. In this the pupil is separated from the cclo- 
boma by a narrow thread of iris-tissue, which stretches like a bridge from one 
pillar of the coloboma to the other. Incomplete colobomata are of comparatively 
frequent occurrence; there is then simply a shallow indentation of the pupillary 
margin, or the portion of the iris corresponding to the coloboma is distinguished 
by a different color, which isggenerally due to the absence of the anterior layers 
of the iris at this point. 

Cataract, and generally cataract of a complicated, inoperable character, fre- 
quently develops in eyes affected with coloboma of the iris. If I may be allowed 
to judge from one case whose course I have myself observed, this is effected in 
the following way: The retina, which is adherent to the margin of the coloboma, 
undergoes the same sort of traction that it does when adherent to a scleral cica- 
trix (see page 225). In consequence of the traction, detachment of the retina 
takes place—at first only at the edge of the coloboma, but afterward in the 
whole extent of the retina. The clouding of the lens, then, is to be regarded 
simply as the consequence resulting in the usual way from the total detachment 
of the retina. 

The formation of a coloboma is accounted for upon the ground of incom- 
plete closure of the fetal ocular fissure; but, as this lies at the lower side of 
the eyeball, congenital colobomata are likewise directed downward. (For a 
more precise account, see under Colobomata of the Chorioid, § 81.) This expla- 
nation, of course, does not apply to those extremely rare cases of congenital 
colobomata which are not situated below. I myself, a short time since, saw a 
congenital coloboma of the ordinary pear-shape, which was directed upward. 

In regard to the frequent congenital anomalies in the coloration of the iris, 
see § 57. 


CHAPTER VI. 
DISEASES OF THE CHORIOID. 


I. INFLAMMATION OF THE CHORIOID. 


78, INFLAMMATION of the chorioid (chorioiditis) produces exudates 
which, as in the case of every other inflammation, may either disappear 
again by resorption or may go on to suppuration. Hence we distin- 
guish between chorioiditis non-suppurativa, commonly known as cho- 
rioiditis exudativa, and chorioiditis suppurativa. If the inflammation 


Fia. 67.—CHORIOIDITIS DISSEMINATA. (AFTER De WECKER.) 


That the chorioiditis has attacked a myopic eye can be recognized from the atrophic crescent 
which incloses the papilla upon the temporal side. The crescent is sharply defined by the 
scleral ring on the side of the papilla, and by the pigment ring on the temporal side, and shows 
everywhere remains of the chorioidal vessels and also of pigment. The chorioiditie foci 
occupy chiefly the equatorial parts of the fundus. They are white, with a lining of pigment 
of greater or less width ; many also have spots of pigment in their interior. The retinal 
vessels are perfectly distinct as they pass across the spots and their pigment—i. e., they lie 
in front of the latter. : 


remains confined to the chorioid proper, as is especially apt to be the 
case in the non-suppurative forms, all exterior signs of inflammation 
are absent. The eye looks normal externally, and the disease mani- 
fests itself to the patient only through the disturbance in sight—to the 
physician, only through ophthalmoscopic examination. But if the 
disease passes over to the anterior portion of the uvea it becomes recog- 
nizable exteriorly through the symptoms of cyclitis and iritis (¢rido- 
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chorioiditis). This extension of the disease forward is the rule in vio- 
lent inflammations, and hence in the suppurative forms. 


A. Chorioiditis Hxudativa (non-suppurativa). 


Symptoms.—Exudative chorioiditis appears for the most part un- 
der the form of isolated foci of inflammation scattered over the chori- 
oid (Figs. 67 and 68). While still recent they appear, when seen with 
the ophthalmoscope, as yellowish, indistinctly outlined spots which lie 
beneath the retinal vessels upon the red fundus oculi. The yellow 
matter is the exudate, which hides the red of the normal chorioid. In 
proportion as the exudate disappears by resorption the chorioid again 
comes into view, but in an altered state; it is atrophic, deprived of -its 
pigment, and in part converted into cicatricial connective tissue. Hence, 
after the disappearance of the yellow exudate, the diseased spot is seen 
to become of a lighter color. Where the chorioid has grown altogether 
atrophic, a white spot exists, because the white sclera is seen through 
it; in other cases remains of the vessels and of the pigment are recog- 
nized in the white cicatrix. Afterward the pigment often proliferates, 
so that the chorioiditic spots appear lined with black pigment or cov- 
ered with black spots (Fig. 67). The decolorized or pigmented spots 
remaining after chorioiditis may properly be characterized as cicatrices 
of the chorioid. 

It is easy to see that the retina, which directly adjoins the chorioid, 
is also sympathetically affected in those spots where the chorioid is 
diseased. If the implication of the retina is particularly prominent, 
we speak of retino-chorioiditis. Moreover, the exudates from the cho- 
rioid pass not only into the superimposed retina, but also through the 
latter into the vitreous. Opacities of the vitreous thus produced are 
hence an almost constant accompaniment of chorioiditis. 

It is the implication of the retina and vitreous which causes dis- 
turbances of vision of various kinds, and thus directs the patient’s 
attention to the eye. The vision is diminished as a whole on account 
of the cloudiness of the vitreous and the hyperemia of the retina. But 
in those spots in which inflammatory foci exist, sight may be entirely 
abolished, so that insular defects (scotomata) are present in the field of 
vision (see page 25). Owing to the fact that the retina over the focus 
of inflammation is pushed forward and its elements are brought out of 
their normal situation, objects whose images fall upon the retina may 
appear distorted (metamorphopsia) ; straight lines, for instance, appear 
bent in various directions. As long as the inflammation is recent, 
symptoms of irritation of the retina manifest themselves; subjective 
sensations of light (photopsia) exist, such as spots before the eyes, 
sparks and balls of fire, etc. These phenomena cause the patient an- 
noyance and anxiety, sometimes to an extreme degree. When, after 
the subsidence of the inflammation, atrophy of the chorioid and of the 
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superimposed layers of the retina has taken place, the phenomena of 
deficiency—i. e., gaps in the field of vision—take the place of the phe- 
nomena of irritation. The influence which the scotomata exert upon 
the sight in general depends primarily upon the place they occupy in 
the fundus. Peripherally situated scotomata cause but little disturb- 
ance of vision, even when they are pretty numerous; and if they occur 
only in one or two places they usually escape the patient’s notice alto- 
gether. On the other hand, when a scotoma occupies the site of the 
yellow spot the disturbance of vision is as great as in the preceding 
case it is trivial; direct vision is then destroyed, and the eye becomes 
unserviceable for fine work. The first case would be met with in the 
chorioiditis represented in Fig. 67, the second in Fig. 68. 

The course of the chorioiditis is chronic, it taking many months 
for the foci of exudation to be converted into atrophic spots. The 
opacities of the vitreous last even longer—often, in fact, permanently. 
But chorioiditis is chiefly dangerous because of its tendency to recur, 
in consequence of which new foci of inflammation are constantly de- 
veloping in the chorioid, so that the latter is finally covered all over 
with old and recent spots. With this is ultimately associated atrophy 
of the retina and optic nerve, so that obstinate cases of chorioiditis 
terminate in partial or total blindness. When the affection of the 
chorioid is well advanced, cloudiness of the lens (cataracta complicata) 
is almost always associated with it. 

Etiology.—-Exudative chorioiditis is a frequent disease, which is ob- 
served at all ages. Among its most ordinary causes is syphilis, both 
acquired and hereditary. Asa result of the latter, cases also of con- 
genital chorioiditis have been observed. Chorioiditis may also be caused 
by general disorders of nutrition of various sorts, such as anemia, chlo- 
rosis, scrofula, etc. In many cases of chorioiditis the cause remains 
obscure. 

Myopia is frequently complicated with changes in the chorioid, it 
being only a rare exception to find the latter normal in myopia of a 
high degree (Fig. 68). The changes in the chorioid in this case are, 
to be sure, less those of a chorioiditis proper than those of a primary 
atrophy of the chorioid, caused by the stretching which the latter must 
necessarily undergo, when the entire posterior segment of the sclera 
bulges backward, as is the case in extreme myopia. 

Treatment.—The treatment of chorioiditis must have regard mainly 
to the etiological factor. When this is readily amenable to therapy, as 
is the case with syphilis, favorable results are promptly attained—in 
fact, syphilitic chorioiditis offers the best prognosis, inasmuch as by an 
energetic antisyphilitic treatment speedy improvement in most cases, 
and often even an entire cure, can be obtained. To be sure, we are not 
able to prevent the frequent recurrences which may still lead ultimately 
to the destruction of the eye. 
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The treatment of the local changes must be based upon the produc- 
tion of a rapid resorption of the exudate in the chorioid and the retina 
and also in the vitreous. Suitable remedies for this purpose are the 
iodide of potassium or, when necessary, a treatment by inunction, 
which, even in non-syphilitic cases, can do good service through its ab- 
sorptive action ; furthermore, diaphoresis by means of pilocarpine or 
sodium salicylate. In marked hyperemia of the fundus, bloodletting 
may be performed by the application of six to ten leeches behind the 
mastoid process. With this is enjoined what is called the “regimen of 
the eyes ”»—that is, the avoidance of any straining of the eves, and the 
protection of them from light by dark glasses or, when necessary, by 
rest in a darkened room. 


The distinction between recent exudates and old atrophic spots in the cho- 
rioid is based upon the following signs : Exudates are of a yellow or yellowish- 
white color, do not have a sharp outline, and present to view no chorioidal ves- 
sels; retinal vessels, which by chance run over them, show by their bending that 
a projection of the retina exists here, due to the prominence formed by the exu- 
date. The atrophic spots are pure white, and have an irregular but sharp out- 
line, often formed by a pigmented band. Pigment-spots also lie in the white 
spot itself; sometimes, indeed, the growth of pigment becomes so excessive 
that the spots finally become entirely black. Moreover, remains of the chori- 
oidal vessels are visible within the atrophic area. They not infrequently pre- 
sent thickened, white-looking walls, or are even quite obliterated and converted 
into light-colored cords. 

There are cases in which the atrophy affects only the pigment-epithelium, 
which gradually disappears. Then the stroma of the chorioid, with its vessels 
and pigmented intervascular spaces, is exposed to view, and there is developed 
the picture of a tessellated fundus (Fig. 68), such as is also observed as a physio- 
logical condition. Besides occurring in certain forms of chorioiditis, this also 
occurs in glaucoma, in myopia of high degree, in retinitis pigmentosa, etc. In 
old people, quite small, brilliantly white spots, often surrounded by a dark 
fringe, are sometimes found in the chorioid. They correspond to acinous out- 
growths of the lamina vitrea of the chorioid, over which the pigment-epithelium 
has undergone destruction. 

Chorioiditis occurring in isolated foci of inflammation is distinguished, ac- 
cording to the location of the latter, into different forms: 

1. Chorioiditis centralis is characterized by the deposition of a mass of 
exudate directly in the region of the macula lutea, and thus causes a central 
scotoma. The most frequent course of it is myopia, which, if of high degree, 
leads late in life, almost without exception, to changes in the yellow spot, which 
are mainly of an atrophic nature (Fig. 68). Inflammatory changes at this spot 
are often found in syphilis, and also after injuries—especially contusions— of 
the eyeball. Finally, a disease of the macula is observed in old people, which 
usually affects both eyes about equally, and is referable to senile changes. 

2. Chorioiditis disseminata is characterized by numerous round or irregular 
spots which are scattered over the fundus (Fig. 67). This is an eminently 
chronic form, in which, in the usual course of events, new spots are being 
formed all the time. Ultimately, the chorioid is studded all over with such spots, 
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which in many places become confluent, so that in old cases a great extent of 
the fundus often looks whitish. The sight may, nevertheless, still be pretty 
good, if only the region of the macula lutea remains intact. In the beginning 
of the disease hyperemia of the retina and optic nerve exists, but later both 
become atrophic. The papilla takes on a dirty grayish-red color and loses its 
sharp outline (chorioiditic atrophy), the retinal vessels are fewer and are greatly 
contracted. A special form of chorioiditis disseminata is the chorioiditis areo- 
laris, first described by Forster. In this the first foci developed in the vicinity 
of the yellow spot, while the subsequent ones make their appearance at a con- 
stantly increasing distance from the latter. The most recent foci, therefore, 
are always those situated at the periphery. The behavior of the individual 
spots is directly the reverse of the ordinary course of chorioiditic patches; the 
most recent spots are entirely black, and afterward grow slowly larger, and at 
the same time become decolorized from the center toward the edge, so that at 
last they are almost entirely white. 

3. COhorioiditis anterior deposits its foci of exudation at the periphery of 
the chorioid. These foci are therefore readily overlooked if we neglect to 
examine the most anterior portions of the fundus with the ophthalmoscope. 
Chorioiditis anterior is quite frequent, and is sometimes combined with a 
chorioiditis surrounding the papilla. In young persons, chorioiditis anterior 
often occurs in consequence of hereditary syphilis ; usually the periphery of 
the fundus is studded with roundish, ink-black spots (see page 180). In old 
people, simple pigmentary changes are frequently found in the anterior portions 
of the chorioid. 

The variety of chorioiditis which is spread diffusely over the whole chorioid 
is always combined with a coincident affection of the retina, and is therefore 
ordinarily known as retino-chorioiditis or chorio-retinitis. In the typical fash- 
ion in which it was first described by Forster this occurs in syphilis. In recent 
cases the retina appears clouded, and, furthermore, the entire fundus is veiled by 
a fine punctate cloudiness of the vitreous; moreover, circumscribed exudates may 
also be present in the chorioid and the retina. In the later stages the cloudi- 
ness of the retina disappears, to be replaced by atrophy; at the same time a 
migration of pigment under the form of numerous black spots takes place into 
the retina, especially at its periphery, so that there is produced a picture very 
similar to that of retinitis pigmentosa. 

The changes in the chorioid in myopia consist in an atrophy of the chorioid 
close by the papilla and in foci of disease at other spots of the chorioid, par- 
ticularly in the region of the macula lutea. 

(a) Atrophy of the chorioid at the border of the optic disk is given the 
name of staphyloma posticum. This properly denotes a protrusion of the sclera 
backward; it is, however, used in a wider sense for the atrophy of the chorioid, 
which is the consequence of this protrusion. First, there appears at the exter- 
nal side of the papilla a narrow, light-colored crescent—the atrophic crescent 
(Fig. 67). Afterward this spreads out so as to assume the form of a cone or a 
triangle with a blunt apex—conus (Jager). Finally, the atrophy passes from 
the outer side of the optic nerve along its upper and lower margin to its inner 
side also, so that the papilla is finally surrounded on all sides by atrophic cho- 
rioid (annular staphyloma, Fig. 68). This is generally broadest on the external 
side, from which it started. In the atrophic area the fundus is either a pure 
white, if the chorioid there has completely disappeared and the sclera comes 
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into view, or remains of chorioidal tissue, such as vessels and pigment, are still 
present in it in varying quantity (Fig. 68). 

Sometimes two or even three contrasting zones exist in the staphyloma, 
which differ from each other in their pigmentation, and which bear witness to 
the fact that the formation and enlargement of the staphyloma have taken place 
at different periods. By proliferation of the pigment, brown or even black 
crescents are formed: The line separating the staphyloma from the healthy 
cornea is often sharply defined, especially if formed by a pigmented margin 


Fie. 68.—Funpbus In Myopia or HigH DEGREE. (IN PART AFTER WECKER.) 


The papilla is oblong-oval and has a physiological excavation to the outside of the point of en- 
trance of the retinal vessels. It is surrounded by atrophic chorioid, the staphyloma posti- 
cum. Thisis very broad on the temporal side, and there consists of two divisions ; the outer, 
more pigmented one, showing with especial distinctness the remains of the chorioidal vessels. 
On the nasal side, the staphyloma is narrower, is lined by a fringe of pigment, and is of 
irregular contour. In one of the outlying portions is noticed a posterior ciliary artery which 
enters the chorioid from the sclera. The rest of the fundus is tessellated in such a way that 
the vascular network of the chorioid is clearly recognized. The region of the macula lutea 
is occupied by chorioiditic changes, consisting partly in an overgrowth of pigment (the 
small, black specks), partly in atropby (the white patches). 


(Fig. 68). In other cases a sharp border-line is absent, a circumstance which 
indicates that the staphyloma is in process of growth, so that an advance in the 
myopia is to be apprehended. In the case of pretty large staphylomata the 
papilla looks reddened and displays an elliptical shape, the short axis of the 
ellipse coinciding with the largest diameter of the staphyloma. Accordingly, 
when the staphyloma is broadest to the outside, as is usually the case, the pa- 
pilla forms an upright ellipse (Fig. 68). This change of shape must be in part 
referred to the fact that the papilla, being pushed back at one side, is seen in 
perspective foreshortening; but in part also to the fact that the chorioid, which 
on the outer side bas moved away from the margin of the papilla, has been 
drawn over it on the inner side (Weiss; see § 145). 

The size of the staphyloma is, broadly speaking, in direct proportion to the 
degree of myopia, but variations from this rule very often exist in the indi- 
vidual cases—e. g., great myopia without atrophy of the chorioid, and vice 
versa. Not infrequently staphylomata are also found in emmetropic and even 
in hypermetropic eyes. 
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White crescents are also observed at the lower border of the papilla. These 
resemble in their appearance the acquired crescents due to myopia, but have 
an altogether different significance. They are congenital (probably being con- 
nected with the fcetal ocular fissure, which likewise lies on the lower side of 
the eyeball), and are associated frequently with astigmatism, almost always 
with incomplete acuity of vision. 

With the annular staphyloma of the myopic eye should not be confounded 
cases of atrophy of the chorioid about the papilla from other causes. Under 
this latter head belong atrophy after chorioiditis, and also the atrophy in cases 
of glaucoma, the so-called halo glaucomatosus. 

(b) The changes of the chorioid in the region of the macula lutea make their 
appearance when the myopia has reached a high degree. Both light-colored 
and pigmented spots are found, and not infrequently also white branched lines 
(Fig. 68). The spots gradually enlarge, and finally coalesce to form pretty 
large atrophic patches, which may even ultimately become united with the 
staphyloma surrounding the papilla. In such cases of extreme myopia, almost 
the entire posterior section of the interior of the eye is converted into a great 
white patch. Moreover, hemorrhages occur in myopic eyes, and that, too, 
preferably at the site of the yellow spot. It is the changes in the macula lutea 
which, with the detachment of the retina, represent the greatest danger for the 
extremely myopic eye. They do not, like detachment, threaten the eye with 
complete blindness, but they render it unserviceable for any sort of fine work. 
Besides, they are much more frequent than detachment of the retina, inasmuch 
as only a few of the excessively myopic attain any considerable age without 
being affected with these changes. 

BLOODLETTING. —In recent cases of chorioiditis with hyperemia of the 
retina the abstraction of blood is recommended above, and that by the applica- 
tion of leeches behind the mastoid process. While bloodletting has pretty 
much disappeared from general practice, in ophthalmology it has remained in 
use up to the present time, and rightly, too, since in suitable cases striking and 
undeniable advantage is often seen to accrue from it. The abstraction of blood 
may be made with natural leeches or with Heurteloup’s artificial leech. In the 
former case, six to ten leeches are applied; in the employment of the Heurte- 
loup, its glass cylinder is filled once or twice with blood. The point of appli- 
cation is either the temple or the skin behind the mastoid process. If we are 
dealing with inflammations of the conjunctiva, the iris, or the ciliary body, the 
temple is selected, because the vessels of the conjunctiva empty into the veins of 
the face, and, moreover, the anterior ciliary veins communicate freely with the 
veins of the conjunctiva. In deep-seated affections, like chorioiditis, retinitis, 
neuritis, or inflammation in the orbit, the abstraction of blood is performed be- 
hind the mastoid process, because an emissary vein of Santorini (passing through 
the mastoid foramen), which carries off blood from the transverse sinus, empties 
here; and the latter is connected with the cavernous sinus, into which the oph- 
thalmic veins pour their contents. 


Non-purulent trido-chorioiditis runs either a chronic or an acute course. The 
chronic cases have already been considered under the head of iritis idiopathica; 
they are the ones which are known under the name of irido-chorioiditis serosa, 
and which gradually induce blindness, partly through seclusio pupille, partly 
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through degeneration of the vitreous (see page 287). The acute cases (irido- 
chorioiditis plastica) form a transition between this and irido-chorioiditis sup- 
purativa. 


B. Chorioiditis ad Irido-Chorioiditis Suppurativa. 

79. In suppurative chorioiditis there is produced a large exudate 
containing numerous cells, which is deposited beneath the retina and 
into the vitreous, where it can be seen through the pupil, in case the 
media are transparent enough, as a deeply situated yellow mass. The 
inflammation, which is violent, almost always spreads rapidly to the 
ciliary body and the iris, so that we have then to do with an irido- 
chorioiditis, which is associated with correspondingly violent external 
symptoms of inflammation. 

Symptoms.— When the irido-chorioiditis is at its height the lids are 
markedly swollen with cedema; the conjunctiva is intensely reddened 
and likewise very cedematous, so that it often forms a chemotic swell- 
ing round the cornea. The latter is dull, and has a slight diffused 
cloudiness. ‘The aqueous, too, is cloudy, and shows a hypopyon depos- 
ited at the bottom of the anterior chamber. In the iris are found signs 
of a violent inflammation, such as discoloration, swelling, and posterior 
synechiz. If the cloudiness of the cornea and the aqueous permits, a 
yellowish reflex is recognized in the pupil, arising from the exudate 
behind the lens. Simultaneously with these appearances violent pains 
exist in the eye and its vicinity, sight is completely lost, slight fever is 
often also present. 

The course, in the less violent cases, is of such a character that after 
a few weeks the inflammatory symptoms gradually abate. The eye, 
whose tension in the beginning was elevated through the great amount 
of exudation, becomes softer and soon smaller also, and at length passes 
into a state of atrophy. But in the violent cases panophthalmitis de- 
velops through an extension of the inflammation to the tissues sur- 
rounding the eyeball. The cedema of the lids increases so much that 
the eye can scarcely be opened. ‘The eyeball, in addition to the appear- 
ances of irido-chorioiditis above described, displays marked protrusion 
(exophthalmus) combined with abolition of its motility. The pains 
are almost intolerable, and tormenting photopsia are not infre- 
quently present. High fever exists and vomiting frequently occurs, 
especially at the beginning of the disease. These symptoms keep on 
until the purulent exudation in the interior of the eye makes an 
exit for itself by breaking through the sclera. Perforation takes place 
in the anterior division of the sclera. The conjunctiva is seen to bulge 
forward at some spot, showing the yellowish, discolored sclera through 
it, until finally sclera and conjunctiva are perforated and the purulent 
contents of the eyeball are slowly extruded. After perforation has 
occurred the pains soon cease, the eye becomes softer, and ultimately 
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shrinks up to a small stump (phthisis bulbi). It takes at least six to 
eight weeks for this result to be attained and for the eye to become 
perfectly free from pain. 

From what has just been said, panophthalmitis is distinguished 
from simple suppurative irido-chorioiditis by the appearance of two 
additional symptoms—protrusion of the eyeball and purulent perfora- 
tion of the envelopes of the eye. ‘The protrusion is due to the exten- 
sion of the inflammation to the retro-bulbar tissues, and particularly to 
Tenon’s capsule; the result is marked inflammatory cedema (but not 
suppuration) in this spot, and a consequent pushing forward of the 
eyeball. The violent pains are excited by the traction which the nerves 
undergo, both in the eyeball itself, which is distended with exudate, 
and also within the orbit, where it is due to the protrusion of the eye- 
ball. 

Etiology.—Chorioiditis suppurativa is produced by the infection of 
the chorioid by pyogenic matter. The infection may originate from 
the outside or have its source in the body itself. 

Infection from the outside (ectogenous infection) occurs— 

(az) Most frequently from penetrating injuries of all kinds. In this 
category belong unsuccessful operations. 

(6) From the progression inward of suppuration from without, in 
the case of perforating ulcers or abscesses of the cornea, and from pro- 
lapses of the iris that are covered with pus. 

(c) As a process starting from a cicatrix of the cornea with inclu- 
sion of the iris, when the cicatrix is thinned. Under this head belong 
the incarcerations of the periphery of the iris, which not infrequently 
remain after cataract operations. Infection takes place in these cases 
from the germs penetrating through the thin cicatrix into the interior 
of the eye, its development being particularly favored by sudden stretch- 
ing or bursting open of the cicatrix. 

Infection by carriers of infection, which arise from the organism 
itself (endogenous infection), takes place— 

1. Through embolism, septic substances from a focus of suppura- 
tion getting into the circulation and sticking fast in the vessels of the 
chorioid. In this way metastatic chorioiditis develops. This is one of 
the symptoms of pysemia, most frequently of that form which makes 
its appearance in the puerperal period as puerperal fever. 

2. By transfer of the inflammation from the meninges in menin- 
itis, particularly in cerebro-spinal meningitis. These cases are ob- 
served chiefly in children, and are distinguished by their comparatively 
mild course, so that in rare cases some small degree of sight even is still 
retained. 

3. By transfer of inflammation from behind forward in phlegmons 
in the orbit and in thrombosis of the orbital veins. 

The prognosis of suppurative chorioiditis is absolutely unfavorable 
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for the eye itself, inasmuch as the sight, and, for the most part, the 
shape of the eye as well, are lost. In those cases in which the chori- 
oiditis is simply one of the symptoms of pyemia or meningitis, there 
is also, of course, danger for the life of the patient. 

Treatment is unable to change the course of suppurative chori- 
oiditis. It must confine itself to ameliorating the patient’s sufferings. 
We combat the pain with moist and warm compresses and with nar- 
cotics. If we are sure that it is a case of panophthalmitis, we may open 
the eye by a free incision of the sclera in its anterior division. The 
tension is thus diminished, the evacuation of the suppurated contents 
of the eye is accelerated, and thus the pain and the course of the dis- 
ease are cut short. When the eye at last becomes shrunken it usually 
remains quiescent, and also admits of an artificial eye being worn over 
it. Should, however, secondary inflammatory phenomena set in, as 
they may exceptionally do, in the shrunken eye, its enucleation is indi- 
cated. 


Anatomical examination shows, in suppurative chorioiditis, dense purulent 
infiltration of the chorioid, which thus has its thickness increased to several 
times the usual amount. The retina over the affected part of the chorioid is 
also found infiltrated with pus-cells, and coasequently thickened; afterward, 
it is partially or entirely detached from the chorioid .by means of the purulent 
exudation. The vitreous is gradually converted into a homogeneous mass of 
pus. In metastatic chorioiditis the infecting plug in the chorioidal vessels can 
also frequently be demonstrated by microscopical examination (Virchow). Such 
emboli may also get into the retinal vessels, and then result in suppurative reti- 
nitis, which presents the same clinical picture in its course as suppurative chori- 
oiditis. Since in metastatic affections of this sort infected emboli may occur 
within the blood-vessels in other parts of the eye also, it is best to comprise all 
these cases under the name of metastatic suppurative ophthalmia. 

Metastatic ophthalmia is for the most part a complication of the severe cases 
of pysemia, to which the patients usually succumb, so that in general it has an 
evil prognostic significance. Nevertheless, exceptional cases occur in which 
the pyemia runs a relatively light course, and produces no demonstrable metas- 
tases besides those in the eye. Thus, after the extraction of teeth, complicated 
fractures, etc., unilateral and bilateral blindness have been observed, due to 
metastatic ophthalmia, without a localization of the pyemic affection in any 
other quarter being demonstrable. In children, suppuration of the umbilicus, 
and sometimes also vaccination, may give rise to pyemia with metastatic oph- 
thalmia. Besides occurring in pyemia, a suppurative chorioiditis, which is 
without doubt likewise of metastatic origin, also occurs in rare cases in other 
acute infectious diseases, as in typhus, variola, scarlet fever, malignant anthrax, 
influenza, and ulcerative endocarditis. 

Most cases of panophthalmitis are caused by injury. If the latter is of such 
a character that the eye is extensively opened, the purulent exudate may be 
discharged through the wound, and does not have to wait till the sclera is 
perforated, which always requires a long time. Yet not infrequently even in 
these cases, in which the purulent exudate pushes out through the wound, per- 
foration of the sclera by pus is also seen to take place as usual. Panophthal- 
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mitis after severe injuries must, from’a certain'point of view, be regarded as a 
more favorable outcome than a plastic irido-cyclitis. The former, to be sure, 
causes more violent pain and leads to a greater degree of swelling of the eye; 
but when it has run its course the patient has a lasting respite. Plastic irido- 
cyclitis, on the other hand, often for years has after-attacks of inflammation, 
and may also give rise to sympathetic disease of the other eye, if the patient, 
does not make up his mind to the performance of enucleation at the proper 
time. 

Apart from simple incision of the sclera, different methods have been at- 
tempted for cutting short the course of panophthalmitis, particularly enuclea- 
tion and the ablation of the anterior section of the eye, with scooping out of 
the contents of the eyeball. Enucleation is to be rejected, for, devoid of dan- 
ger as it is under other circumstances, in panophthalmitis it sometimes results 
in purulent meningitis, with a fatal issue. It must be assumed that by the 
operation the blood and lymph passages in the orbit are freely opened, and thus 
made accessible to infection. Whether the scooping out (exenteration or evis- 
ceration) of the suppurating eye is a less dangerous procedure is questionable, 
since cases of death after this operation have also been observed (Schulek). It 
must, however, be noted that some cases have been known in which fatal men- 
ingitis has succeeded a panophthalmitis without any operative interference. 

Differential Diagnosis of Suppurative Chorioiditis.—There are cases of sup- 
purative chorioiditis which might be confounded with neoplasms in the eyeball. 
This is possible whenever the inflammation runs so sluggish a course that all 
external signs of inflammation are wanting. The eye is not discolored, the iris 
is normal, the aqueous and lens are clear. The lens and iris are pressed for- 
ward by the exudation in the vitreous, and the anterior chamber is made shal- 
lower. The pupil is dilated, and permits the exudate to be seen deep down in 
the vitreous. Sometimes the exudate is even visible from a distance as a vivid, 
light-colored (whitish or yellow) reflex from the pupil (amaurotic cat’s-eye 
[Beer]). Just the same phenomena may be produced by new formations in the 
vitreous, and particularly by gliomata arising from the retina (see § 100), for 
which reason many cases of the sort described above have been designated as 
pseudo-gliomata. The most important distinctive mark lies in the tension of 
the eye. This, in genuine glioma, is normal in the beginning, and afterward is 
increased; in pseudo-glioma, on the contrary, diminution of tension soon sets 
in, which precedes the shrinking of the eye. Then the subsequent course renders 
the true state of the case perfectly clear, inasmuch as glioma afterward breaks 
through the sclera and keeps on growing, while in pseudo-glioma the eye keeps 
constantly growing smaller. But now in glioma it is requisite to remove the eye 
as early as possible, and it is therefore not right to wait a long time in doubtful 
cases until the diagnosis can be determined with certainty. In so doing, we 
should be putting our patient’s life in jeopardy. Hence, in doubtful cases, we 
perform enucleation. Even if it should then turn out that the case was one of 
pseudo-glioma, the patient has not lost much by the enucleation, since the eye 
is already blind and would be much shrunken. The question of a confusion 
with glioma, moreover, only comes up for consideration in such cases of slug- 
gish suppurative chorioiditis when occurring in children, since it is only in the 
latter that glioma of the retina is found. The causes of pseudo-glioma are most 
frequently meningitis, also the acute exanthemata, and finally injuries, par- 
ticularly those attended with the presence of a small foreign body in the inte- 
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rior of the eye. One or two cases of pseudo-glioma have turned out on dissec- 
tion to be tuberculosis of the chorioid. 

ATROPHIA ET Purutsis BuLBI.—Both expressions are employed for dimi- 
nution in size of the eyeball due to shrinking. We speak of atrophy when the 
diminution in size takes place slowly through the shrinking of exudates in the 
interior of the eye, as occurs chiefly in plastic irido-cyclitis. Under the name 
of phthisis bulbi we designate the rapid shrinking of the eyeball, due to sup- 
puration of its contents and their evacuation through the perforated sclera, this 
being the issue of panophthalmitis. In atrophy the diminution in size is kept 
within moderate bounds, while in phthisis the eyeball may be reduced to the 
size of a hazel-nut, or less. In the atrophic eyeball the individual membranes, 
being still present, although in a very altered condition, are drawn upon by 
the shrinking exudate, and thus give rise to repeated attacks of inflammation 
and also to sympathetic disease of the other eye. In the phthisical eyeball the 
inner tunics of the eye have, all except some scant remains, been destroyed by 
suppuration; the small stump usually remains quiescent, and causes no danger 
to the other eye. An atrophic eyeball must therefore generally be enucleated, 
while a phthisical stump can usually be permitted to remain. In atrophy and 
in phthisis alike the optic nerve subsequently becomes completely atrophic, so 
that it ultimately forms a thin cord consisting simply of connective tissue. This 
takes place in consequence of the general law that nerve-trunks atrophy when 
their terminal expansions have been destroyed (ascending atrophy). 


DETACHMENT OF THE CHoRIOID.—This is frequently found in the dissec- 
tion of enucleated eyes, while in the living eye it but rarely comes under ob- 
servation. In shrunken eyes the chorioid—and the ciliary body, too—are very 
frequently found to be detached by the exudates which are present in the inte- 
rior of the eye, and which exert a centripetal traction in all directions (a a, 
Fig. 62). A detachment of the retina, usually total, is never wanting in these 
cases. Since we are dealing with eyes which are already blind, the detach- 
ment of the chorioid has a practical interest only in so far as traction upon the 
ciliary nerves is produced by it; for this induces conditions of irritation in the 
blinded eye, and possibly sympathetic disease of the other eye. 

It is a rare thing to see with the ophthalmoscope a detachment of the cho- 
rioid in an eye still capable of vision and with transparent media, Since the 
separated chorioid is covered by the retina, the detachment of the former mani- 
fests itself under the guise of a detachment of the latter, with the addition that 
we can recognize through the retina the characteristic branching of the vessels 
in the chorioid. If this symptom is wanting, the detachment of the chorioid 
can not be distinguished from a simple detachment of the retina, Separations 
of this sort can be caused by serous exudation or hemorrhages beneath the 
chorioid, or by the development of a sarcoma in its external layers. 


RUPTURE oF THE CHoRIOID.—-This is produced through the action of a 
blunt instrument upon the eyeball (contusion). Immediately after the injury the 
blood extravasated into the vitreous usually prevents a clear view of the interior 
of the eye. After the absorption of the blood the rupture of the chorioid, which 
ordinarily lies in the neighborhood of the papilla, is discovered. Sometimes 
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there is only one, sometimes there are several ‘lacerations. They form long, 
yellowish-white streaks, as the edges of the laceration in the chorioid separate 
from each other and allow the white sclera to be seen between them. The 
streaks generally have a curved shape, with the concavity toward the papilla; 
they are broadest in the center, and taper off to a sharp point at the ends. The 
edges of the light streaks have an irregular black coloration, due to the growth 
of the pigment. The retinal vessels run without any change over the streaks, 
a proof that the retina is unruptured. 


II. Tumors OF THE CHORIOID. 


80. Among malignant tumors occurring in the chorioid is sarcoma, 
which in most cases is pigmented (melano-sarcoma). The clinical 
symptoms which sarcoma of the chorioid presents change so during 
the development of the tumor that four stages can be distinguished in 
the course of the disease. 

In the first stage the tumor is small, and manifests itself only in 
ophthalmoscopic examination by detachment of the retina at the site 
of the tumor. The patient notices a disturbance of vision in the shape 
of a defect in the visual field, corresponding to the site of the tumor. 
Afterward the detachment of the retina becomes total (Fig. 69, 1), 
and thus the eye, which externally 
still looks normal, becomes com- 
pletely blind. In the further growth 
of the tumor a time occurs when 
increase of tension suddenly sets in. 
The sarcoma thereupon enters the 
second stage of its development— 
that of increased tension. Exter- 
nally the eye presents the appear- 
ances of inflammatory glaucoma 
(§ 83). Marked injection of the 
Pte e ae coes Aa Cxorrorp. eyeball exists, the cornea is dull and 
The tumor, G, rises out of the chorioid, C, clouded, the anterior chamber shal- 

which everywhere lies in contact with low, the iris discolored, the pupil 


the sclera. The retina, N, on the con- 


trary, is detached entirely from its bed il; ¢ 1 ] © eS 
sale Cll as cite ea ty her tad ioe dilated and immobile, and the ten 


aan connection only with the pa- sion of the eye to palpation is con- 
pilla behind, and with the chorioid along g 
the ora serrata, O, in front. siderably elevated. If the media are 
sufficiently clear, the gray reflex of 
the detached retina can be seen deep down behind the pupil. Later 
on, the lens becomes clouded, so that the clinical picture of glaucoma 
absolutum with cataracta glaucomatosa is produced. From the time 
when the symptoms of inflammatory glaucoma set in the patient 
suffers with pain; very frequently it is by this that he has his atten- 
tion first called to his trouble. Since the picture presented by the 
affected eye corresponds completely to the complex of symptoms of 
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inflammatory glaucoma, the correct diagnosis in this stage is to be 
made with difficulty, or not at all. 

The third stage is that of the growth of the tumor upon the outside. 
The symptoms are different, according as the tumor breaks through 
the sclera in its anterior or in its posterior division. In the former 
case, dark, hard prominences are seen developing in the circumference 
of the cornea, and the diagnosis can readily be made. If, however, the 
tumor first grows through the sclera posteriorly, the nodules of the 
tumor are invisible, and do not give evidence of their existence until 
afterward, through the gradually increasing protrusion of the eyeball 
(exophthalmus). As soon as the tumor has broken through the en- 
velopes of the eyeball to a sufficient extent the pain usually abates, 
since the great tension in the eyeball then ceases. But, to make up 
for this, the extra-ocular masses of tumor, freed from the intra-ocular 
pressure that constrained them, grow so much the quicker. First the 
orbit is entirely filled by the tumor, afterward the latter projects from 
the orbit, as big as an apple or as the fist. From the orbit the tumor 
is continued to the neighboring parts, particularly to the brain. At 
its exposed portions the tumor ulcerates and gives rise to frequent 
hemorrhages. 

The fourth stage is that of the generalization of the tumor by the 
development of metastatic nodules in the internal organs, most fre- 
quently in the liver. 

Years usually pass before the sarcoma has run through the four 
stages just pictured. The first and second stages last a long time, 
while afterward the growth of the tumor becomes continually more 
rapid. The patient dies either from exhaustion, in consequence of the 
suppuration and hemorrhage from the tumor, or succumbs to the eXx- 
tension of the latter into the brain or to the metastases in the internal 
organs. er 

The prognosis of sarcoma of the chorioid is aksolutely unfavorable 
for the life of the patient if the eye is not removed early. But even 
then the prognosis is by no means to be regarded as perfectly favorable. 
Apart from the fact that the eye itself in every case 1s lost, both local 
recurrences in the orbit and also metastases may deyelop even after its 
removal, the germs for their development having been already scat- 
tered abroad earlier, although, at the time when the eye was removed, 
they were too small to be demonstrable. Sarcoma of the chorioid is 
hence to be regarded as one of the most malignant of diseases—one 
which, in very many cases, ends in death. Sarcomata of the iris and 
ciliary body behave, in respect to their course and ultimate outcome, 
like sarcomata of the chorioid. 

Sarcoma of the chorioid is a rare disease. It is found most fre- 
quently between the fortieth and sixtieth year; in childhood it 18 A 
extremely rare occurrence. This gives a means of distinguishing 1 
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from the gliomata which spring from the retina, and which in part pre- 
sent symptoms like those of sarcomata, but which occur in childhood 
exclusively. A malignant neoplasm developing in the eyeball will, 
therefore, have to be regarded in all probability as a glioma in a child 
and as a sarcoma in an adult. 

The treatment, as long as the neoplasm is still confined to the eye- 
ball, consists in enucleation, which should be performed as early as 
possible. In doing it, we cut off the optic nerve as far back as possible, 
to meet the contingency of the degeneration having already passed 
over upon it. If the neoplasm has already grown out of the eyeball, 
everything diseased must be removed according to surgical rules. The 
surest method in this case is exenteration of the orbit—i.e., the re- 
moval of the entire contents of the orbit, together with the periosteum. 


Sarcomata of the chorioid consist either of round cells or of spindle-cells, 
or are tumors made up of a mixture of both. They are almost always pig- 
mented (melano-sarcomata); non-pigmented sarcomata (leuco-sarcomata) are 
among the rarities. Very often they contain many wide blood-vessels. Sarco- 
mata develop from the external layers of the chorioid (layer of large and of 
medium-sized vessels) and grow inward toward the vitreous space, pushing the 
retina before them. In the beginning the retina lies everywhere in contact 
with the surface of the tumor, so that with the ophthalmoscope a sharply cir- 
cumscribed gibbous detachment of the retina is found, beneath which often 
can be recognized the vessels of the chorioid or of the tumor. In this case the 
diagnosis of sarcoma is easily made. But afterward, probably in consequence 
of the disturbance of circulation in the chorioid produced by the tumor, an 
accumulation of fluid takes place between the chorioid and the retina. The 
latter is thus detached over a greater area than corresponds to the tumor, and 
does not permit the latter to be seen through it any more; ultimately, the de- 
tachment becomes total. In this stage, since the detachment of the retina has 
lost its characteristic appearance, the diagnosis can not for the most part be 
made with certainty. The tension of the eye affords one diagnostic point, be- 
ing usually diminished early in simple serous detachment of the retina, while 
in detachment due to a tumor it is at first normal and afterward increased (Von 
Graefe). It is an additional argument for the existence of sarcoma if the ante- 
rior ciliary veins are found markedly dilated upon one side or the other. In this 
way these give evidence of the situation in the chorioid occupied by the sarcoma, 
which, in the area affected, prevents the blood of the anterior division of the 
uvea from flowing out through the vasa vorticosa, so that it must make its way 
through the anterior ciliary veins. At length the increase in tension reaches 
such a degree as to produce the complex of symptoms of inflammatory glau- 
coma. If the detachment of the retina is not already total, it gets to be so 
now, and the eye becomes completely blind. The point of time at which the 
glaucomatous attack sets in does not depend directly upon the size of the intra- 
ocular tumor. ‘The increase in tension does not arise from the fact that the 
tumor occupies a certain space in the interior of the eye, for this call for addi- 
tional space is compensated for by a corresponding decrease of the vitreous. 
The increase in tension is based upon the congestion which the tumor produces 
in the veins of the chorioid, and by which increased transudation of fluid takes 
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place into the interior of the eye. Elevated tension is, therefore, often seen with 
quite small tumors, while at another time the tumor may have already filled up 
a large part of the eye without exciting the symptoms of glaucoma. When the 
glaucomatous attack has set in, the eye looks as if it had been blinded by pri- 
mary glaucoma, and the diagnosis can not be made with certainty. The exist- 
ence of a sarcoma will be suspected if the patient states that the eye was already 
entirely blind before the outbreak of the inflammation, for in primary glaucoma 
blindness usually does not precede the attack, but follows it. Besides, we ex- 
amine the second eye; if one eye is completely blinded by primary glaucoma, 
the second eye will rarely be found quite normal. 

In rare cases the second (inflammatory) stage of formation of the tumor 
does not present the symptoms of glaucoma, but of a violent plastic irido- 
cyclitis. Asa result of this, the eye becomes softer and shrinks up so far as 
the tumor contained in it permits. The latter thus is retarded in its growth 
within the eyeball—a fact which does not prevent it from growing outside after- 
ward, and producing metastases. 

Perforation and growth upon the outside become manifest before the tumor 
has yet filled the whole interior of the eyeball, and are effected by the gradual 
growth of the cells of the tumor through the sclera, the cells usually following 
out preformed passages. We hence find the tumor growing out along the 
optic nerve and its sheaths, or utilizing the points where the anterior or pos- 
terior ciliary vessels or the vasa vorticosa emerge. 

The metastases in remote organs arise through embolism. The blood-cur- 
rent detaches cells from the tumor and carries them into other parts of the body, 
where they develop into independent tumors. 

Carcinomata and also adenomata have been observed as a great rarity in the 
chorioid, but only as secondary tumors, as metastases from carcinoma in other 
organs (especially in the thoracic glands). 


TUBERCULOSIS OF THE CHoRIom.—In the chorioid, as in the iris, tubercu- 
losis occurs under the two forms of disseminated and of solitary nodules. The 
diagnosis between them is made with the ophthalmoscope. 

(a) Disseminated or miliary tuberculosis of the chorioid was first described 
by Jager. Small macule of pale-reddish color are seen in the fundus, which 
even within a short period of examination—within a few days—grow distinctly 
larger and increase in number through the appearance of new macule. By this 
circumstance they are distinguished from the chorioiditic foci of inflammation, 
which change very slowly; besides, the pigment-changes, so frequent in chori- 
oiditis, are wanting in tubercles of the chorioid. Ordinarily only a few such 
spots are present, although sometimes as many as twenty or thirty of them can 
be counted in the eye. Anatomical examination has proved that the spots seen 
with the ophthalmoscope correspond to nodules of a mean diameter of one milli- 
metre, which possess the typical structure of tubercle nodules (Manz), 

Miliary tuberculosis of the chorioid forms one of the symptoms of general 
miliary tuberculosis (Cohnheim). It has essentially a diagnostic interest; as in 
doubtful cases of acute miliary tuberculosis, it may assist in establishing the 
diagnosis. In chronic tuberculosis of the lungs, the intestine, etc., it is not 
ordinarily observed. 

(6) Solitary or conglobated tubercle of the chorioid makes its appearance 
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under the form of a neoplasm. With the ophthalmoscope a rather large, light- 
colored tumor is seen in the chorioid; it is an argument for its tuberculous 
nature if smaller light spots (tubercle nodules) are found in the chorioid in its 
vicinity. The tumor may afterward grow through the sclera to the outside, 
and there break down. Anatomical examination shows that it consists of a 
great number of smaller miliary nodules, which have coalesced to form one 
pretty large tumor. In the center of the latter caseation takes place. The 
solitary form of tuberculosis of the chorioid is a very rare disease, pre-eminently 
affecting young people. It runsa chronic course, and accompanies chronic 
tuberculosis of the internal organs, especially of the brain. There are, however, 
cases in which, besides the tuberculous nodule in the eye, no focus of tubercle 
can be clinically demonstrated to exist in the organism. 

The prognosis of solitary tubercle of the chorioid is bad, since the eye in 
any case is lost, and in most cases also life is endangered through the presence 
of tuberculous disease in other parts. The treatment consists in the enucleation 
of the eye, a procedure which is especially indicated in those cases in which 
the chorioidal tubercle appears to form the only tuberculous focus. Enuclea- 
tion in this case has as its primary object the prevention of any further diffusion 
of the tuberculous virus. 


III. CoNGENITAL ANOMALIES OF THE CHORIOID. 


81. Coloboma of the Chorioid.—In this affection the ophthalmo- 
scope shows a brilliant white area in the red fundus below the optic- 
nerve entrance. ‘This area is oval or obtusely triangular, and has 
sharply defined edges, often colored dark with pigment. Within the 
area of the coloboma, which is depressed below the level of the rest of 
the fundus, may be recognized some vessels and pigment (Fig. 70). 

Coloboma of the chorioid is a circumscribed defect in the chorioid 
and retina, in the confines of which the sclera lies exposed, and is 
hence visible as a white surface. Coloboma of the chorioid is fre- 
quently found along with coloboma of the iris, and also with other 
anomalies of the eye. Such eyes are often smaller than usual 
(microphthalmus). Sometimes, indeed, eyeballs are found which are 
only as large as a pea or a millet-seed, and which lie entirely in the 
back part of the orbit, and are not discovered in an examination made 
upon the living subject. In this way absence of the eye (anophthal- 
mus) is simulated. Whether a true anophthalmus—i. e., a condition 
in which, while the orbit is present, there is not even a rudiment of 
the eyeball—does occur or not, has not so far been determined. 

The eyesight suffers in coloboma of the chorioid because, in the 
first place, the coloboma corresponds to a defect in the visual field. 
Moreover, even the direct:visual acuity is usually defective because the 
eye, as a whole, has had its development deranged. In the higher de- 
grees of microphthalmus the sight is reduced to the mere differentia- 
tion of light from darkness. 

Coloboma of the chorioid is in a marked degree transmissible by 
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inheritance, and that, too, not infrequently in conjunction with other 
congenital malformations of the body. 


Even the smallest colobomata are much larger than the optic disk; and the 
large colobomata are so extensive that their anterior border can no longer be 
seen with the ophthalmoscope} because it lies too far forward. So, too, they 
may extend so far backward that they involve the papilla. The latter, in that 
case, is generally changed in shape and appearance—sometimes so much so that 
its situation is recognized only through the intimation afforded by the place of 
origin of the retinal vessels... The surface of the coloboma lies deeper than the 
rest of the fundus, and often shows channeled depressions or prominent ridges. 


Fie. 70.—Lower HAF oF AN EYE WITH CoNnGENITAL COLOBOMA OF THE IRIs, CiLI1aRY Bopy, 
AND CHORIOID. 


In the iris, whose posterior surface is seen in the figure, is recognized the prolongation of the 
pupil, running out in a sharp point to the lower ciliary margin. In the corresponding spot, 
the ciliary processes are wanting ; the processes immediately adjoining this gap are higher 
and longer than the rest, and, as they diverge backward, inclose a triangular, very darkly 
pigmented area, Still farther backward there exists in the wall of the eyeball a deep exca- 
vation of oval form, whose edges are sharply defined and in part overhanging. Upon the 
floor of the excavation is seen the sclera, covered simply by a very thin, transparent pellicle, 
in which run several vessels. The posterior pole of the oval formed by the coloboma of the 
chorioid is directed toward the fovea centralis, /. 


The vessels which are seen in the coloboma are partly those which belong to the 
retina, and which pass with it over the coloboma, partly those originating in 
the lstter itself. The latter must be regarded as posterior ciliary vessels. 

In rare cases large, white, depressed areas have been observed not below, 
but to the outside, of the optic nerve, in the region of the yellow spot. These 
have likewise been looked upon as congenital malformations —colobomata of 
the macula. 

The formation of colobomata occurs also in the optic nerve. Either a deep 
depression is found in the lower part of the latter or the entire optic-nerve en- 
trance is enlarged to several times its usual size, and the vessels coming out 
from it are, as it were, forced apart. Colobomata of the optic disk are met 
with either alone or in conjunction with colobomata of the chorioid. The con- 
genital crescents on the lower side of the disk, which are the usual concomitant 
of congenital amblyopia (see page 318), should also probably be regarded as 
rudimentary colobomata of the optic disk. 

Anatomical examination of an eye affected with coloboma of the chorioid 
shows externally a protrusion of the sclera, situated below the optic nerve, 
the scleral protuberance first described by Ammon (see page 228). Correspond- 


ing to this, in the inner membranes of the eye, is the coloboma visible with the 


ophthalmoscope (Fig. 70). Within this, microscopical examination reveals, for 
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the most part, only a thin pellicle composed of connective tissue, the remains 
of the fused chorioid and retina. The origin of such a coloboma is referable to 
the foetal ocular fissure. This exists at the lower side of the secondary ocular 
vesicle—the flask-shaped structure of the embryonic eye—and is designed for 
the admission of the mesoderm into the interior of this structure (Fig. 57, see 
page 266). Later on, this fissure ought to close again without leaving any trace 
of its presence. But if the closure takes place incompletely, a coloboma is 
formed. The walls of the retinal fissure, in this case, do not grow together 
directly, but are connected by thin, intermediate tissue. In consequence of the 
patency of the retinal fissure, the growth of the chorioid over the external sur- 
face of the retina is interfered with, so that at the site of the fissure retina and 
chorioid alike are wanting, or are replaced by connective tissue. Lastly, the de- 
velopment of the sclera, too, fails to take place in normal fashion in the affected 
spot; it is thin and yielding here, and bulges out beneath the intra-ocular press- 
ure, and in this way the posterior scleral protuberance originates. The original 
site of the coloboma is hence in the retina, and the disturbance of development 
in the adjacent chorioid and sclera is consecutive. The foetal ocular fissure is 
furthermore continued as a furrow upon the pedicle of the ocular vesicle, which 
is afterward the optic nerve. By incomplete closure of this furrow the colobo- 
mata of the optic nerve are formed. 

Coloboma of the iris is to be explained as a derivative of coloboma of the 
chorioid, The iris grows out from the anterior margin of the rudimentary cho- 
rioid at a time when the fcetal ocular fissure is already closed; hence the iris in 
no stage of its development has a fissure. But when the chorioid suffers a de- 
rangement of development at the site of the retinal fissure, this derangement 
may be transmitted to the iris, which will hence fail to grow out in normal fash- 
hion from the chorioid at the affected spot. Hence the iris here is wanting 
(coloboma of the iris). This condition may persist, even if the fissure in the 
retina and chorioid afterward closes completely, so that then a coloboma of the 
iris is produced without a coexisting coloboma of the chorioid. 

In many cases the incomplete closure of the ocular fissure entails still 
more serious derangements. The intermediary tissue closing in the fissure 
bulges out into quite a large sac, which is appended to the eyeball, while the 
latter itself is retarded in its development, and is much smaller than usual (mi- 
crophthalmus). The tissue connecting the sac and the eyeball may become elon- 
gated and at the same time contract into a thin cord, so that finally we have 
a large bladder to which the eyeball, reduced to the size of a pea, or even 
less, is attached by means of a long pedicle. In this manner those cases 
originate in which there is apparently anophthalmus, and at the same time a 
dark, transparent cyst is formed in the lower lid (Arlt). 

The explanations of the origin of colobomata contain much that is yet hypo- 
thetical and unaccounted for. Moreover, there is no unanimity of opinion as 
to the real cause preventing the regular closure of the ocular fissure—whether 
there is a simple arrest of development, or whether an inflammation in the 
region of the fissure is accountable for it. Still smaller is our knowledge in 
regard to the origin of colobomata in the macula lutea. 


Albinism consists in the absence of the physiological pigment. Albinos 
have yellowish-white flaxen hair and also white eyebrows and lashes. The iris 
is light gray, and appears reddish by transmitted light, while the pupil has a 
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vivid red luster. With the ophthalmoscope the blood-vessels of the retina and 
chorioid are seen with perfect distinctness running upon the almost white 
fundus, with which the papilla is contrasted by its dark, grayish-red color. 
Albinotice eyes are photophobic, and hence see better in the dusk; their visual 
acuity is always reduced; and nystagmus, frequently combined with a pretty 
high degree of myopia or with strabismus, is constantly present. Albinism is 
congenital and often inherited. In albinotic eyes the pigmentiferous cells of 
the uvea and the retina are present, just the same as in the normal eye, only 
they contain no pigment. All sorts of transition forms exist between complete 
albinism and normal pigmentation. 


CHAPTER VII. 
GLAUCOMA. 


GENERAL CONSIDERATIONS. 


82. THE essence of glaucoma lies in the increase in the intra-ocular 
pressure, {rom which all the other essential symptoms of glaucoma can 
be deduced (Von Graefe). In one series of cases the increase in press- 
ure sets in without our being able to discover any reason for it in an 
antecedent disease of the eye (primary glaucoma). In other cases, on 
the contrary, the increase in pressure is the result of some other disease 
of the eye (secondary glaucoma). Primary glaucoma, accordingly, has 
increase in tension as its first and most important symptom, from which 
all the rest of its phenomena arise—it is glaucoma proper, the glaucoma 
par excellence. In secondary glaucoma, on the contrary, the increase 
in tension is only a consequence of other pathological conditions—is an 
accessory, as it were. The clinical picture of secondary glaucoma, 
therefore, is exceedingly polymorphous, varying according to the dif- 
ferent affections which form the basis of it. While genuine or primary 
glaucoma always affects both eyes, although not always at the same 
time, secondary glaucoma remains confined to the eye which, through 
being diseased, has given rise to the increase in tension. 

The consequences of increase of tension, inevitably occurring if it 
lasts a long time, are excavation of the optic nerve, and reduction, with 
ultimate annihilation, of the sight. 

Excavation of the optic nerve is dependent upon the recession of the 
lamina cribrosa. By the latter we understand that part of the sclera 
which lies at the point of entrance of the optic nerve into the eye, and 
which is perforated by numerous foramina designed for the passage 
of the bundles of fibers of the nerve (Fig. 9). The lamina cribrosa is 
that part of the fibrous tunic of the eye (corneo-sclera) which has the 
least tenacity, and hence gives way first to increased ocular pressure, 
which it does by bulging backward. But at the same time the optic- 
nerve fibers, set in the foramina of the lamina cribrosa, also recede, so 
that the surface of the optic nerve itself sinks back (e, Fig.71 B). Upon 
ophthalmoscopic examination the papilla appears depressed below the 
level of the adjacent fundus—slightly at first, afterward a good deal— 
so that the margins of the papilla dip down steeply, or are even over- 
hanging. This condition is recognized chiefly by the bending or actual 
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interruption of the blood-vessels at the spot where they pass from the 
retina over the edge of the papilla and dip down into its depth (Fig. 
71, A). The nerve-fibers, too, like the blood-vessels, undergo flexion 
or Interruption at the edge of the papilla. This interruption, together 
with the high pressure to which the nerve-fibers are exposed in the in- 
terior of the eye, causes them to atrophy. Accordingly, in the later 
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Fic. 71.—GLavucoMatTous EXcAVATION OF THE OPTIC NERVE. MAGNIFIED 14x 1, 
Cf. the normal optic nerve in Fig. 9, p. 14. 


A, OPHTHALMOSCOPIC PICTURE OF THE PAPILLA.—The papilla is bounded by a sharp, overhang- 
ing edge, at which the arteries, a, and the veins, v, of the retina appear to stop with their 
ends bent over the edge. This is due to the fact that their continuation on the floor of the 
excavation is often displaced somewhat laterally as compared with the portion situated in 
the retina ; moreover, the vessels within the excavation are seen but indistinctly. In the 
outer half of the excavation are seen the gray dots of the lamina cribrosa, The zone, h, of 
the fundus, adjoining the papilla, is decolorized (halo glaucomatosus). 

B, LONGITUDINAL SECTION THROUGH THE HkAD OF THE Opric NERVE.—This shows a deep exca- 
vation. e, on the floor of which only a few remains of the nerve-fibers, 6, are visible. The 
central vessels, c, ascend upon the retina, 7, at the nasal margin of the excavation; the 
innermost layer (fiber-layer) of the retina is considerably diminished?in size through ae 
ch, chorioid ; s, sclera. The volume of the trunk of the optic nerve has been considerably 
reduced through the atrophy of the bundles of nerye-fibers. n. As a result of this, the inter- 
spaces between the sheaths of the optic nerve (the pia sheath, p, the arachnoid sheath, av, 
and the dural sheath, d) are dilated, especially on the temporal side. 


stages, we see that the papilla is not only depressed, but is also bleached 
out and of a bluish-white color, because the nerve-fibers have been de- 
stroyed and the clear white lamina cribrosa is exposed. The atrophy 
of the optic-nerve fibers is also the most important cause of the de- 
crease of visual power which accompanies the elevation of tension. 
Impairment of both direct and indirect vision occurs. The former 
finds its expression in the gradual diminution of the acuity of central 
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vision, the latter in the limitation of the field of vision—a limitation 
which begins, in the majority of cases, on the nasal side, as the tem- 
poral side of the retina becomes insensitive first. Finally, complete 
blindness supervenes. 


Primary glaucoma is a common disease, constituting about one per cent of 
all cases of eye-disease. Its accurate recognition is of the greatest importance 
for the general practitioner, the more so because here prompt and proper thera- 
peutic interference can save everything, but a false diagnosis and improper 
treatment may destroy everything. Unfortunately, we still constantly get un- 
der observation many cases of glaucoma which have not been correctly diag- 
nosticated by the general practitioner, and which come to the ophthalmologist 
only when assistance is no longer possible. Cases of inflammatory glaucoma 
are often confounded with iritis or irido-cyclitis, and are accordingly treated 
with atropine, which has a particularly injurious action in glaucoma. Cases of 
glaucoma simplex which present no external symptoms of inflammation are not 
infrequently regarded as commencing cataract, and the patients are put off in 
expectation of the cataract’s becoming ripe, so that they delay until it is too 
late for iridectomy. 

Glaucoma has been known from antiquity. Of course, it is only the inflam- 
matory variety that has been thus known, since the non-inflammatory variety 
can be diagnosticated by the ophthalmoscope alone. Hence this second variety 
was lumped together with the other kinds of blindness, which are produced by 
diseases of the deeply situated membranes of the eye, and which have no exter- 
nal manifestations, under the common name of amaurosis. Inflammatory glau- 
coma was usually regarded as having a connection with gout, and was hence called 
ophthalmia arthritica. The first to recognize the increase in tension as the most 
important symptom of glaucoma were Mackenzie, and particularly Von Graefe. 
Heinrich Miller, aman deserving the greatest praise in all that relates to the patho- 
logical anatomy of the eye, was the first to demonstrate anatomically the pressure- 
excavation of the optic nerve (1856); soon afterward it was accurately diagnos- 
ticated in the ophthalmoscopic picture by Weber and Forster. Mackenzie, start- 
ting from the fact of the increase of tension, had already attempted to effect the 
cure of glaucoma by repeated puncture of the cornea, without, however, obtain- 
ing any lasting result. Such a result was first obtained by Von Graefe, who, in 
the year 1856, employed iridectomy for the first time in glaucoma, after having 
found it efficient in various other diseases of the eye. This was one of the most 
pregnant discoveries in ophthalmology, and one which will for all time redound 
to the glory of Von Graefe. We have only to remember that formerly every case 
of glaucoma inevitably led to blindness, and that now, thanks to iridectomy, 
the majority of glaucomatous patients can be cured. How many thousands 
there are who formerly would have been forced to sink year by year irretriev- 
ably into the night of blindness, but who now are saved for vision through Von 
Graefe’s discovery ! 

With reference to excavation of the optic nerve, three varieties are distin- 
guished—the physiological, the atrophic, and the glaucomatous. The physio- 
logical excavation (Fig. 72 A) originates from the fact that the bundles of fibers 
of the optic nerve, when separating from each other so as to curve into the 
retina, do so, not in the plane of the retina, but behind it; the lamina cribrosa, 
however, is in its normal situation. The physiological excavation is always 
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partial—i. e., even if it is very large it never takes up the entire papilla, because 
a certain space close to the edge of the papilla must always be occupied by the 
nerve-fibers which are passing over into the retina (page 13, and Figs. 5 and 9). 
The atrophic excavation (Fig. 72 B) is caused by the disappearance of the nerve- 
fibers which exist as the papilla of the optic nerve in front of the lamina cri. 
brosa, the latter remaining in ifs place. The atrophic excavation is total—i. e., 
extends over the entire papilla, but always remains shallow, for at most it can 
only attain a depth equal to that at which the lamina cribrosa lies behind the 
inner surface of the retina. In the atrophic excavation, the papilla is at the 
same time bleached white on account of the disappearance of the nerve-fibers. 
The physiological and the atrophic excavations have this in common, that the 
lamina cribrosa remains undisplaced; as the lamina cribrosa forms the floor of 
the excavation, the depth of the latter is confined within narrow limits. The 


Fie. 72.—Tae THREE KINDS OF EXCAVATION OF THE OPTIC NERVE.—SCHEMATIC. 


A, PHYSIOLOGICAL ExcAavATIoN.—Funnel-shaped, partial, with normal Jamina cribrosa. 

B, ATRopHic ExcavaTiIon.—Bowl-shaped, total, with normal lamina cribrosa. 

C, GLAucomMaTous ExcavaTiIon.—Ampulliform, total, with the lamina cribrosa bulged out poste- 
riorly. 


glaucomatous excavation (Fig. 72 C) is distinguished from the preceding kinds, 
first of all, by the fact that it originates in a recession of the lamina cribrosa; 
it can hence attain a much more considerable depth than they. The glau- 
comatous excavation comprises the entire papilla, which, in the beginning, still 
shows the red coloration of health. Later on, the nerve-bundles are destroyed 
by atrophy, so that the papilla becomes white, and displays exposed upon its 
floor the lamina cribrosa. With this is associated a still further increase in the 
excavation, the depth of which is increased by a space equal to the thickness of 
the destroyed papilla of the optic nerve. 

The ophthalmoscopic signs distinguishing the three kinds of excavation are, 
therefore, as follows: A partial excavation is physiological, a total one is patho- 
logical, and either atrophic or glaucomatous. The atrophic excavation is shal- 
low, and the papilla, at the same time, very white. The glaucomatous excavation 
may be shallow or deep, according as it has existed for a longer or shorter time. 
In a shallow glaucomatous excavation the papilla is found to have still a good 
color—a feature which distinguishes it from the atrophic excavation. If the 
excavation is deep and total, it can only be a glaucomatous one, whatever color 
the papilla may have. In practice, the distinction between the individual forms 
of excavation is sometimes very difficult to make. 

The ophthalmoscopic picture of a glaucomatous excavation of the optic nerve 
shows the papilla to be paler, and, in advanced cases, bluish or greenish white. 
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A shadow is seen running along the margin, while the center of the excavation 
is the part lightest in color. On the floor of the excavation may be recognized 
the gray dot-marks of the lamina cribrosa (Fig. 71, 7). The vessels do not 
emerge at the center, but, for the most part, close to the inner margin of the 
papilla. At the spot where they pass over the edge of the papilla to go to the 
retina they show a bending, or, in deep excavations, an interruption, of their 
course. If the edge of the excavation is overhanging, the ascending portion of 
the vessel may be completely concealed behind it, so that the blood-vessels 
arising from the vascular entrance seem to disappear at the edge of the papilla 
to emerge again in the retina at some other spot. It is only in the inverted 
image that the course of the vessel can be seen distinctly in its whole extent at 
once; in the erect image, the vessels on the papilla and those in the retina are 
never seen clearly at the same time, since they lie at different depths and hence 
have a different refraction. That is, if the adjustment is made for the vessels 
in the retina (Fig. 71, @ and v), the vessels on the floor of the excavation (Fig. 
71, v) look quite pale and hazy, and vice versa. The vessels in the excavation 
have, as compared with those in the retina, a myopic refraction, and hence, to 
be seen distinctly, require a correspondingly strong concave glass. From the 
difference in refraction between the margin and the floor of the excavation, the 
depth of the latter can be estimated (see page 18), and by repeated measure- 
ments of this sort we can determine whether, as time goes on, the depth of the 
excavation is increasing or diminishing. In the inverted image, the difference 
of level manifests itself only by parallactic displacement (page 18). The cali- 
ber of the arteries is contracted, while the veins are distended and tortuous— 
in fact, sometimes there is a whole convoluted mass of vascular loops lying on 
the floor of the excavation. These changes of vascular caliber are easily ac- 
counted for by the action which the increase of pressure exerts upon the vessels 
of the vascular entrance, permitting less blood to enter the arteries of the retina, 
and, on the other hand, obstructing the outflow of blocd from the veins. The 
former, therefore, are filled too little, the latter are filled too much. We very 
often observe a pulsation in the veins, and not infrequently, also, a pulsation in 
the arteries within the papilla. (For the explanation of this, see page 15.) 
When glaucomatous excavation has lasted for a long time, the papilla is usually 
found to be surrounded by a white or yellow area, which is the expression of 
an atrophy of the chorioid about the papilla (halo glaucomatosus, Fig. 71, /). 
The rest of the fundus in the later stages often presents a tessellated appear- 
ance (Fig. 68). 

The condition of the sight is not always in direct proportion to the depth 
of the excavation—in fact, it is not the recession of the lamina cribrosa as sueh 
that affects the vision, but the atrophy of the optic nerve, which, though pro- 
duced by it, does not always by any means keep pace with the formation of the 
excavation. Thus we sometimes see cases with deep excavation and yet with 
normal visual acuity and a large field of vision. On the other hand, by a very 
considerable increase in pressure—as in glaucoma fulminans—the sight may be 
completely extinguished within a few hours by paralysis of the optic-nerve 
fibers without there being any excavation of the optic nerve, because the time 
is too short for it to be formed. Accordingly, in forming a judgment as to the 
acuity of vision, we must be guided rather by the color of the papilla and the 
caliber of the retinal arteries than by the depth of the excavation, since atrophy 
of the nerve-fibers makes itself known mainly through the pallor of the papilla, 
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I. PRIMARY GLAUCOMA. 


83. Primary glaucoma, also called simply glaucoma, sets in with 
varying symptoms. If the pressure rises suddenly to a considerable 
height, inflammatory symptoms are excited; on the contrary, these 
symptoms are wanting when the increase in tension develops gradually 
and keeps within narrow limits. Accordingly, an inflammatory and a 
non-inflammatory form of glaucoma (glaucoma inflammatorium and 
glaucoma simplex) are distinguished. 


A. Glaucoma Inflammatorium. 


Inflammatory glaucoma runs a typical course, especially in the acute 
cases (glaucoma inflammatorium acutum), which, therefore, will be first 
described. In the course of inflammatory glaucoma the following stages 
are distinguished : 

(1) Stage of Prodromata.—The prodromal stage, which in most 
cases precedes the inflammatory attack, is characterized first of all by 
attacks of obscuration of vision. The patient declares that during 
these attacks he does not see as well, having at the same time the feel- 
ing as if there was a cloud or smoke concealing objects from him. If 
there is a light in the room, he sees a ring about it having the colors 
of the rainbow. During the attack there frequently exists a feeling of 
tension in the eye, or a dull frontal headache. If the physician exam- 
ines the eye during such an attack, he finds the cornea a little dull and 
diffusely clouded, like glass that has been breathed upon. ‘The cloudi- 
ness is greatest at the center, smallest at the periphery, and, on account 
of its uniformity of distribution, causes considerable disturbance of 
vision. It also produces the appearance of a colored ring about a 
luminous flame—an appearance similar to that which, for instance, we 
see when, on a cloudy winter night, we look through the frost-covered 
window-panes at a gas-flame in the street. The anterior chamber is 
somewhat shallower through advancement of the iris; the pupil is 
more dilated than usual and reacts sluggishly; the tension of the eye 
is distinctly increased. Frequently, too, slight ciliary injection is 
present. 

Such an attack ordinarily lasts several hours, after which the eye 
returns once more completely to the normal condition, both as regards 
its appearance and as regards its function. The attacks at first make 
their appearance at pretty long intervals (of months or weeks) ; later 
on, they become constantly more frequent. Often specific causes for 
their existence can be demonstrated, such as hearty meals, lateness in 
going to bed, causes of emotional excitement (among others, card-play- 
ing), etc. In many cases they return, even without cause, periodically, 
sometimes even every day, so that the patient, for example, declares 
that he always sees through a cloud in the morning, and commencing 

22 


338 DISEASES OF THE EYE. 


with the afternoon begins to see clearly, or vice versa. If the attacks 
come on in the evening, they always cease when the patient falls 
asleep; even in the daytime an attack may be cut short by his going 
to sleep. 

In the intervals between the prodromal attacks the sight of the eye 
is normal; but the patient complains that, to see near by, he has to 
employ stronger and stronger glasses—rapid increase of presbyopia 
through diminution of the power of accommodation (see § 142). 

The prodromal stage sometimes lasts only a few weeks, sometimes 
is protracted over months or even years. In the latter case, the eye 
gradually undergoes definite changes, so that it is no longer normal 
even in the intervals between the attacks. he eye acquires externally 
the glaucomatous aspect, and an excavation likewise forms in conse- 
quence of the oft-repeated increase of pressure. Consequently the 
sight itself is no longer perfect even during the time in which no at- 
tacks occur (transition to glaucoma inflammatorium chronicum). 

(2) The second stage is that of glaucoma evolutwm, which is ush- 
ered in by the attack of acute glaucoma. ‘This sets in suddenly, after the 
prodromal stage has lasted a longer or shorter time. The cause of an 
acute attack—in case such a cause is discoverable at all—is like those 
which determine the prodromal attacks. Chief among them are to be 
mentioned states of congestion of the venous system, especially those 
due to enfeeblement of the heart’s action; also mental emotions, par- 
ticularly those of a depressing character; and, lastly, dilatation of the 
pupils. For the last-named reason a drop of atropine in an eye which 
is predisposed to glaucoma may excite an attack. 

The acute attack manifests itself by violent pain radiating from the 
eye along the first and second branches of the trigeminus. The patient 
complains of pains in the head, the ears, and the teeth, which may 
reach an intolerable pitch. They deprive him of appetite and sleep; 
not infrequently vomiting and fever likewise set in. Simultaneously 
with the appearance of the pain the visual power falls rapidly away, 
so that only large objects—such as, for instance, the hand moved to 
and fro before the eye—can be recognized. The field of vision is con- 
siderably narrowed, and mostly on the nasal side. Objective examina- 
tion shows the appearances of a violent external inflammation—cdema 
of the lids, and cedema or even chemosis of the conjunctiva, which is 
greatly congested. The injection, in accordance with its pre-eminently 
venous character, has a dusky-red color. The cornea is punctately 
dotted, has a pronounced smoky cloudiness, and is almost or quite in- 
sensitive to touch. The anterior chamber is shallower. the iris is dis- 
colored’and narrowed. Consequently, the pupil is dilated; very often, 
too, it is oval and eccentrically situated, the narrowing of the iris 
being then particularly great in special spots—most frequently above. 
The reaction of the iris is abolished. From the pupil we get a grayish- 
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green reflex.* Ophthalmoscopic examination is impossible, on account 
of the marked cloudiness of the cornea. The tension of the eye is con- 
siderably elevated. 

It may be seen that the symptoms of the acute attack are the same 
as those belonging to the prodromal attack, except that they are much 
more pronounced and are accompanied by inflammatory phenomena 
(injection, edema of the lids and conjunctiva, and pain). The pro- 
dromal attacks may therefore be regarded in the light of abortive 
attacks of glaucoma, which retrocede before they have developed to 
their full height. But at length an onset of this sort takes place, 
which rises to the height of an acute attack, after which a perfect re- 
turn to the normal is no longer possible. The tension now remains 
permanently elevated, and the eye retains the glaucomatous aspect. 

The course of the attack of inflammatory glaucoma is that after 
some days or some weeks—according to the severity of the attack— 
improvement, or even an apparent cure, sets in. After some days the 
pain diminishes in violence and afterward disappears altogether. The 
eye becomes free from discoloration, the cornea clears up, and the sight 
becomes better again. If the sight was still normal before the attack, 
it may improve to such an extent that the patient can still read and 
write; but the more the sight has been injured before the attack by a 
prodromal stage of long duration, the smaller is its improvement after 
the decline of the attack. We may say in general that after an attack 
has been suffered from, the vision never again reaches the same height 
that it had before this occurred. The attack, furthermore, leaves behind 
it objective changes in the eye, which, at the first glance give proof of 
the sort of disease that is in it. The overdistention of the anterior 
ciliary veins remains; the anterior chamber is shallower and the iris is 
narrower, is turned to a slate-gray color, and reacts sluggishly or not 
at all; the tension is permanently increased. We then say that the 
eye exhibits the habitus glaucomatosus. Ophthalmoscopic examina- 
tion, which becomes feasible again after the cornea has cleared up, 
shows at the optic-nerve entrance the signs of hyperemia, which really 
is only one of the evidences of the general hyperemia during the in- 
flammatory attack. The excavation of the optic nerve is not present 
directly after the attack, because for its formation quite a long period 
of increased tension is requisite; it hence does not develop until later 
on. It is only in those cases in which there has been a long preceding 
stage of prodromata that the excavation is present during the attack. 
After the subsidence of the attack the eye remains quiescent for quite 
a long time, and the patient gives himself up to the hope of a perma- 


* Hence the name “ green cataract ” (griiner Staar). In Greek, sea-green is called 
yAatdKos, whence glaucoma. This reflex, however, is a characteristic by no means 
restricted to glaucoma. It is always found when the pupil is dilated, and at the 
same time the media are not completely transparent. 
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nent cure. Then a new attack sets in. This, as far as inflammatory 
symptoms and pain are concerned, is usually less intense than the first, 
but results in a still further reduction of the sight. Inasmuch as new 
attacks now constantly follow each other, at shorter or longer intervals, 
the sight at length becomes entirely extinct. The disease has then 
entered upon the 

Third stage, that of glawcoma absolutum. The eye is completely 
blind, and presents the following picture: Contrasting with the por- 
celain-like, bluish-white sclera are the distended anterior ciliary veins, 
which unite round the cornea to form a bluish-red circle of dilated 
vessels. The cornea is shining and transparent, but insensitive; the 
anterior chamber is very shallow. The iris is reduced to a narrow 
gray marginal band, which in places is almost entirely concealed by 
the limbus, and which at its pupillary margin is encircled by a broad 
black border. The dilated and rigid pupil is greenish, or of a dirty 
gray. The optic disk is deeply excavated, the eye as hard as stone. 

Later on, degenerative changes make their appearance in the blind- 
ed eye, which are designated under the name of glaucomatous degen- 
eration. The cornea becomes cloudy and covered with peculiar glassy- 
looking deposits. Upon the sclera dark ectatic prominences—most 
frequently in the region of the equator (equatorial staphylomata)—pre- 
sent themselves to view; the lens becomes cloudy (cataracta glaucoma- 
tosa). Although the eye has now been blind for a long time, the pa- 
tient still constantly believes that he perceives light, especially under 
the form of a luminous cloud, which on some days is more pronounced, 
on other days less so. These subjective luminous appearances for a 
long time uphold the patient in the belief that he will be able to re- 
gain his sight. Furthermore, attacks of pain keep making their ap- 
pearance at various intervals in the blinded eye. 

The final outcome in glaucoma is usually atrophy of the eyeball. 
After the eye has been hard for years it at length becomes softer, 
smaller, and atrophic. In other cases, abscess of the cornea develops 
with perforation and consecutive irido-cyclitis, or even panophthalmitis, 
together with phthisis bulbi. Not till the glaucomatous eye has be- 
come shriveied does it allow its unfortunate possessor to have any last- 
ing rest. 

The course of glaucoma with a violent attack of inflammation, here 
pictured, corresponds to that form which is designated as glaucoma in- 
flammatorium acutum. In the severest cases, which Von Graefe has 
described under the name of glawcoma fuliminans, incurable blindness, 
in conjunction with the most violent symptoms of inflammation, may 
develop within a few hours. Of much more frequent occurrence than 
these cases, which luckily are rare, are those which run a less acute and 
typical course than belongs to acute glaucoma. These cases are desig- 
nated as glaucoma inflammatorium chronicum. Were no pronounced 
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inflammatory attack takes place; on the contrary, the prodromal stage 
passes imperceptibly into the stage of inflammation, the eye growing 
gradually red and sensitive, the cornea acquiring a smoky cloudiness, 
the iris becoming atrophied. The pain is neither so violent nor so 
continuous as in acute glau¢oma. Often this sort of chronic course does 
not set in until after the first attack of inflammation, no complete retro- 
gression of the inflammatory symptoms succeeding the latter. The 
final outcome is the same as in acute inflammatory glaucoma; and, 
anyhow, no sharp line of distinction exists between the two forms. 

Glaucoma almost always attacks both eyes. Nevertheless, they are 
but rarely affected at the same time; it more frequently happens that 
the disease of the second eye follows months, or even years, after that 
of the first. The experienced physician, however, even in those cases in 
which one eye is still perfectly healthy, will frequently recognize in the 
latter a certain disposition toward glaucoma. ‘This manifests itself in 
a shallow anterior chamber, a somewhat dilated and sluggish pupil, 
and a relatively high, even though not yet pathological, tension of the 
eye. With this there exist, usually, a hypermetropic state of the re- 
fraction and diminution of the range of accommodation. 

Inflammatory glaucoma is a disease of advanced life; it is found 
most frequently between the fiftieth and seventieth year. It does not 
occur in childhood and youth. It attacks women more than men, 
especially women in whom the menopause occurs before the time. A 
disposition toward inflammatory glaucoma appears to belong princi- 
pally to hypermetropic eyes, whereas strongly myopic eyes are to be 
regarded as having almost complete immunity against the disease. 
Furthermore, rigidity of the vessel walls (arterio-sclerosis), habitual 
constipation, and premature cessation of the menses, predispose to 
glaucoma. Among Jews, inflammatory glaucoma is much more fre- 
quent than among Christians. Furthermore, there are many families 
in which glaucoma is inherited. 


A characteristic feature of glaucoma is the frequent, often periodical, varia- 
tions in the course of the disease, These are afforded by the transient obscura- 
tions of vision occurring in the prodromal stage, by the inflammatory attacks 
recurring at intervals in the inflammatory stage; even after the blindness is 
complete, there is still a constant alternation of bright and dark days, according 
to the patient’s subjective luminous impressions. 

The character of the pupil has a very great influence on the phenomena of 
glaucoma. Its contraction has a favorable effect, since it generally diminishes 
the tension in glaucoma, while dilatation of the pupil, on the contrary, in- 
creases the tension. Hence miotics have the power of cutting short the pro- 
dromal attacks, and of ameliorating the symptoms even in the inflammatory 
attack. The fact that the prodromal attacks can be cut short by the patient's 
going to sleep is probably also referable to the marked contraction which the 
pupil undergoes in sleep. Mydriatics, on the contrary, can excite an inflam- 
matory attack in an eye that is predisposed to it, end that not only the pow- 
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erful mydriatics, like atropine, but also homatropine and even cocaine. We 
should always, therefore, take care that there is no suspicion of the existence 
of glaucoma, before making an instillation of a mydriatic in the case of an 
elderly man. If, however, we have had the misfortune to set up in this way an 
attack of inflammatory glaucoma, it may be possible, by the prompt and ener- 
getic instillation of eserine, to cause the attack to disappear, and that perhaps 
permanently. 

It is a fact frequently observed that iridectomy, done in a glaucomatous 
eye, may give rise to an inflammatory attack in the second eye, if it is already 
predisposed to glaucoma. Nevertheless, it is not the operation as such, but the 
associated mental and physical depression which, as on other occasions, may 
here, too, excite a glaucomatous attack. The operation itself is not needed to 
produce this result. One day a lady came to me with a recent inflammatory 
attack in both eyes. She had a few days before had her first attack of glaucoma 
in the right eye, and had consulted Prof. Arlt for it. When he explained to 
her that an operation was necessary, she experienced such a violent fright that 
she got an inflammatory attack in the second eye while returning from the con- 
sultation in her carriage. Probably there are two factors that act together in 
the case of violent emotional disturbances—the interference with the circula- 
tion and the dilatation of the pupil that results from reflex action. In an opera- 
tion upon a glaucomatous eye, pilocarpine or eserine may be instilled into the 
second eye to prevent the outbreak of glaucoma in it ; even this precautionary 
measure, however, does not afford complete security. 

In the acute inflammatory attack the pain radiates from the eye into the whole 
of one side of the head, so that sometimes the patients are not for a moment 
aware that the pain is proceeding from the eye, but complain of violent ‘‘ rheu- 
matic”? headache. If the attack has been accompanied by marked swelling of 
the lids, a history of erysipelas may be given. One should not allow himself 
to be led astray by such declarations as these, but should form his decision in 
accordance with the results of the objective examination. The principal thing 
that this examination makes us cognizant of is the dull and uniformly cloudy 
look of the cornea. Some have supposed, especially in former times, that this 
cloudiness was also in part located in the aqueous humor and in the vitreous. 
As to the cloudiness of the vitreous, no proof whatever of it has been presented. 
An argument for the existence of cloudiness in the aqueous is the fact that not 
infrequently after it has escaped (in the performance of iridectomy), the pupil 
looks blacker than before. The main cloudiness, however, is situated in the 
cornea. Another important symptom of glaucoma is the dilatation and rigidity 
of the pupil, and by this we are guarded against any confusion with iritis or 
irido-cyclitis, since in these diseases the pupil is cortracted. 

In the stage of glaucomatous degeneration various changes are observed in 
the cornea. (a) Most frequently together with marked cloudiness of the cor- 
neal parenchyma there are found brawny or hyaline deposits upon the surface 
of the cornea. (6) Vesicles develop upon the cornea, owing to the fact that the 
epithelium, either by itself or along with the newly formed deposits, is lifted 
from its bed by serous exudation—keratitis vesiculosa and bullosa (page 170). 
(c) Zonular opacity of the cornea (page 191); and (d) ulcers and abscesses of 
the cornea, frequently leading to perforation (page 153), are observed. As a 
result of the latter, violent hemorrhages may take place from the interior of the 
eye, or severe purulent inflammation succeeded by shriveling of the eyeball. 
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These affections of the cornea, so various in character, are referable in part 
to the alteration in nutrition produced by the disturbance in the lymphatic 
circulation, partly to the paralysis of the corneal nerves, manifested in the 
complete insensitiveness of the surface of the cornea to touch. In conse- 
quence of these changes, the cornea becomes less capable of resisting external 
injuries. $ 

In the course of glaucomatous degeneration the lens always becomes cloudy 
(cataracta glaucomatosa). From this lenticular cloudiness, produced by the 
glaucomatous process, is to be distinguished that form which occurs only as an 
accident in the glaucomatous eye, and which is designated as cataracta in oculo 
glaucomatoso. Thus, simple senile cataract, traumatic cataract, etc., may be 
present in a glaucomatous eye. The distinction between cataracta glaucoma- 
tosa and cataracta in oculo glaucomatoso is made by observing the appearance 
of the cataract and by testing the vision. Cataracta glaucomatosa is distin- 
guished by its marked distention, its bluish-white color, and the vivid silky 
luster of its surface, while cataracta in oculo glaucomatoso has the appearance 
corresponding to its origin and its nature. In the first form of cataract the eye, 
as a result of the glaucomatous process, is completely blind, and hence an opera- 
tion for cataract is useless. In the second case, if the glaucoma is not too far 
advanced, such a degree of sight (perception of light) may still exist as prom- 
ises a good result from the extraction of the cataract. The extraction, how- 
ever, should in no case be performed immediately; on the contrary, the in- 
crease of tension should first be done away with by an iridectomy, and this may 
be succeeded four weeks later by the cataract operation. If we should extract 
a lens, without taking any such preliminary precaution, in an eye affected with 
increase of tension, we would run the risk of losing the eye through severe 
intra-ocular hemorrhage (see page 144). 


B. Glaucoma Simplex. 


84, In glaucoma simplex the increase of tension sets in very gradu- 
ally, so that no inflammatory phenomena are produced. The eye either 
looks quite normal externally, or it gives evidence of its lesion through 
the greater prominence of the distended anterior ciliary veins, and also 
through a somewhat dilated and sluggish state of the pupil. The 
tension of the eye is shown by palpation to be elevated, but not to 
any considerable degree. Often on the first examination no increase 
of tension is found at all; it is not until we examine the eye repeatedly, 
and especially at different times of the day, that we succeed in demon- 
strating that the tension is elevated. At these times a slight, smoky 
cloudiness of the cornea is also sometimes present, such as appertains 
to the prodromal attacks of inflammatory glaucoma. Finally, there are 
cases of glaucoma simplex in which the tension is never found dis- 
tinctly increased. 

In consideration of the fact that in glaucoma simplex marked ex- 
ternal symptoms, and sometimes, indeed, any manifest increase of 
tension are wanting, we are thrown back upon the ophthalmoscopic 
examination for the establishment of the diagnosis. Such an examina- 
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tion shows the presence of a total excavation of the optic nerve, the 
depth of which corresponds to the duration of the process. 

The subjective symptoms of glaucoma simplex, since the inflamma- 
tory attacks and the pain are wanting, consist almost exclusively of the 
disturbance of vision. This manifests itself by gradual diminution of 
the sight, and.in many cases also by transient slight attacks of obscura- 
tion, like those belonging to the prodromal stage of inflammatory glau- 
coma. The decrease in vision expresses itself in the contraction of the 
field of vision, as well as in the diminution of the central visual acuity. 
The latter often develops late, when the field of vision has already be- 
come very small, so that not infrequently the patients are still in a 
condition to read or carry on fine work, while they are scarcely able to 
go about any longer alone (see page 21). Before this point is attained, 
generally a long time (even many years) has elapsed, inasmuch as the 
reduction of vision takes place very slowly and gradually. For this 
reason the patient himself often does not become aware of the existence 
of his disease until late. The blinded eye may either remain always 
sound externally, or those inflammatory attacks which are characteristic 
of inflammatory glaucoma may occur—often, indeed, before the blind- 
ness has become complete. Glaucoma simplex, accordingly, not in- 
frequently changes into inflammatory glaucoma. 

Glaucoma simplex always attacks both eyes. In contradistinction 
to inflammatory glaucoma, it sometimes occurs in young people, and 
attacks men as frequently as women. It is also found in myopic eyes, 
which have a sort of immunity against inflammatory glaucoma. 


Hydrophthalmus.—Hydrophthalmus is a disease of childhood. The 
eye is of unusual size (hence called buphthalmus, ox-eye ; see page 229). 
The sclera is bluish, in consequence of the uveal pigment appearing 
through it; the cornea is larger and more bulging than normal (kera- 
toglobus), and either clear and lustrous or, as in inflammatory glan- 
coma, dull and diffusely clouded. The anterior chamber is unusually 
deep, the iris is tremulous, and the papilla, after the process has lasted 
a pretty long time, is deeply excavated. The tension of the eye is con- 
siderably increased. : 

The disease may come to a stop spontaneously, or may continue 
until it produces blindness. In the former case, the increase of tension 
subsides after a time; the enlargement of the eyeball persists, indeed, 
but does not increase, and the eye retains a moderate degree of sight, 
the amount of which is mainly dependent upon the condition of the 
optic nerve. In the second case, the enlargement of the eye keeps on 
—sometimes until quite extraordinary dimensions are attained—and in 
the mean time complete blindness ensues. 

The disease is either congenital or develops in the first years of in- 
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fancy, and generally in both eyes. Heredity plays an important part 
in its production. The nature of the disease has not yet been fully 
cleared up, but increase of tension is certainly the most important factor 
in it, leading, on the one hand, to the enlargement of the eye, and, on 
the other hand, to blindnéss through excavation of the optic nerve. 
For this reason hydrophthalmus is known as the glaucoma of child- 
hood. Its difference in external appearance from the glaucoma of 
adults is accounted for in the main by the physiological properties of 
the eye in childhood. The extensibility of the sclera in childhood 
renders it possible for the heightened pressure to result in enlargement 
of the eye asa whole. In the eye of the adult, however, the rigidity 
of the sclera permits of its expansion through increase of pressure only 
at its weakest spot—namely, at the lamina cribrosa. 


In hydrophthalmus the expansion of the membranes of the eye is due to the 
fact that an increased pressure is acting upon their inner surface. Hence we 
can comprehend that the lens does not share in this enlargement, since it has to 
bear the pressure upon its external surface. The lens, therefore, is the only 
part of the hydrophthalmic eyeball that retains its normal dimensions—in fact, 
it not infrequently falls behind them. Hence the lens is too small in compari- 
son with the surrounding parts, and the space between the margin of the lens 
and the ciliary processes keeps growing larger and larger. Thus the zonule of 
Zinn undergoes an elongation which leads to its partial atrophy. Hence in 
hydrophthalmus of pretty high degree we always find defective fixation of the 
lens, manifested in tremulousness of the latter and of the iris, and not infre- 
quently inducing subsequent changes of position (luxation) of the lens, with 
their disastrous consequences. 


The relation of glaucoma simplex to glaucoma inflammatorium has been the 
subject of manifold discussions. Since glaucoma simplex, on account of the 
absence of inflammatory symptoms, is entirely different externally from glau- 
coma inflammatorium, it was not recognized as glaucoma at all until the dis- 
covery of the ophthalmoscope. Even Yon Graefe did not originally place glau- 
coma simplex under the hezd of glaucoma, but designated it as amaurosis with 
excavation of the optic nerve. Jiger held to this view until the last, locking 
upon glaucoma simplex as an optic-nerve lesion sui generis—a ‘glaucomatous ” 
optic-nerve lesion. At the present time, however, the majority of ophthalmolo- 
gists place glaucoma simplex under the head of glaucoma proper, since It has 
in common with it its most essential symptom, the increase in tension. The 
interconnection of simple and inflammatory glaucoma is also proved by the 
numerous intermediate varieties which form a continuous transition from simple 
to inflammatory glaucoma, so that no sharp line of distinction can be drawn 
between the two. 

To these transition-forms belong, for example, the cases of glaucoma sim- 
plex with periodical obscuration of vision, and which are accompanied by tran- 
sient cloudiness of the cornea, and often also by dull headache. Even in pure 
cases of glaucoma simplex, a constant headache sometimes exists, the depend- 
ence of which upon the glaucomatous process is proved by the fact that it dis- 
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appears after iridectomy. A glaucoma simplex, later on in its course, often 
passes into acute or chronic inflammatory glaucoma, and cases also not infre- 
quently occur in which, after inflammatory glaucoma has developed in the eye 
first affected, glaucoma simplex is present in the one which is affected afterward. 

The interconnection of the two forms of glaucoma, shown from the above- 
mentioned facts, has been doubted because in many cases of glaucoma simplex 
no evident increase of tension is demonstrable. In these cases we must assume 
that the lamina cribrosa is particularly yielding, so that it is forced backward 
by a pressure which does not perceptibly rise above the normal limits. Such 
cases, to be sure, are not always clearly distinguishable from simple atrophy of 
the optic nerve with unusually deep atrophic excavation. In doubtful cases 
the testing of the color-perception may furnish a diagnostic guide. In atrophy 
of the optic nerve, color-blindness makes its appearance early, while in glau- 
coma the ability to distinguish colors is retained for a comparatively long time. 


Theories of Glaucoma. 


85, All the essential symptoms of glaucoma can be accounted for 
as being the results of the increase in pressure. The recognition of 
this fact by Mackenzie, and particularly by Von Graefe, was the most 
important step made in establishing the theory of glaucoma. 

The elevated intra-ocular pressure has, as its first result, a disturb- 
ance of the circulation of blood in the eye, the essential character of 
which is that of a venous stasis. The heightened tension, that is, brings 
about a compression of the veins in the interior of the eye, and espe- 
cially in the vasa vorticosa, which, on account of their oblique course 
through the sclera, are particularly exposed to the influence of the 
intra-ocular pressure. The blood flowing away from the uvea is hence 
compelled, in great part, to travel through the anterior ciliary veins; 
these are consequently dilated, and, in old cases of glaucoma, form a 
vascular circle of closely set veins about the cornea. In glaucoma sim- 
plex the symptoms of obstructed circulation are confined to this dilata- 
tion of the anterior ciliary veins and to the ophthalmoscopically visible 
distention of the retinal veins. But in inflammatory glaucoma, in 
which the increase in tension and with it the disturbance of circula- 
tion set in suddenly, these changes induce the phenomena of inflam- 
matory edema in the same way as the incarceration of a hernia, for 
example, results in inflammatory cedema of the incarcerated coils of 
intestine. Inflammatory oedema is characterized by hyperemia of the 
tissues and marked swelling, due to their serous infiltration, while—in 
contradistinction to plastic inflammation—exudates and the adhesions 
produced by them are wanting. Accordingly, the symptoms of acute 
inflammatory glaucoma, so far as they affect the uvea, for example, dif- 
fer greatly from the clinical picture of an irido-cyclitis; posterior syne- 
chiw are only exceptionally observed in it, and exudations of greater 
degree, such as hypopyon, pupillary membrane, etc., are never observed. 
This absence of exudation, in spite of the violent external symptoms of 
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inflammation, is, in fact, just the characteristic feature of inflammatory 
edema. ‘This cedema finds different expression in the different por- 
tions of the eye: 

1. The corneal cloudiness of glaucoma is an edema of the cornea, 
as has been proved by anatomical investigation. From this can be un- 
derstood the suddenness of development of the corneal cloudiness, and 
also the promptness of its recession upon reduction of the pressure— 
e. g., after puncture of the cornea, or iridectomy. If we were dealing 
with an inflammatory infiltration of the cornea—i. e., with a keratitis 
—it could not possibly disappear again within a few hours. 

2. Inflammatory edema of the iris manifests itself mainly by dis- 
coloration and by the obliteration of the details of its structure. The 
anterior chamber becomes 
shallower, because the lens 
is pressed forward, to- 
gether with the iris, in 
consequence of the ele- 
vation of pressure in the 
vitreous chamber. Added 
to this there is a displace- 
ment forward of the at- 
tachment of the iris—that 
is, the greatly swollen cili- 
ary processes press the 
root of the iris forward, 
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most anterior portion of The ciliary process, c, is so greatly swollen that it pushes 
the root of the iris forward and presses it against the 


the sclera and to the mar- sclera, S, and the cornea, C. The sinus of the anterior 

. : chamber, which should lie somewhat behind Schlemm’s 
gin of the cornea (Fig. canal, s, is thus closed. The ciliary muscle shows the 
6 1 pronounced development of the circular muscular fibers 
13). Consequently, the (Miiller’s portion), characteristic of the hypermetropic 


iris appears to take its “© 


origin farther forward (Figs. 73 and 74). The ciliary nerves are com- 
pressed and paralyzed by the high intra-ocular pressure ; thus originate 
the insensitiveness of the cornea and the paralysis of the iris (irido- 
plegia), with dilatation and loss of reaction of the pupil. The dilata- 
tion afterward increases in consequence of the atrophy of the iris, 
which develops as a result of the pressure exerted upon the latter. 

3. The redness and clouded appearance of the papilla of the optic 
nerve during the inflammatory attack are caused by hyperemia com- 
bined with some cwdema; the excavation which subsequently takes 
place is the direct result of the elevation of pressure. 

4. The violent pain in inflammatory glaucoma is excited by the 
compression of the extremely numerous sensory nerves of the ciliary 
body and the iris. 

Thus all the objective symptoms of glaucoma are accounted for by 
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the one fact of the increase in tension. The disturbance of vision, too, 
is the result of the heightened intra-ocular pressure, which causes it in 
different ways, according as we are dealing with inflammatory glaucoma 
or glaucoma simplex. In inflammatory glaucoma the disturbance of 
vision is brought about by— 

(2) The glaucomatous opacity of the cornea, which affects chiefly 
central vision, and that, too, to a marked degree, on account of the 
uniformity of its diffusion. 

(6) The ischemia of the retina, due to the compression of the reti- 
nal arteries, by which is caused the contraction of the field of vision. 
This compression makes itself 
felt first in those sections of 
the arterial channel in which 
the blood-pressure is lowest. 
But, since the blood-pressure 
in the vessels is less the far- 
ther we get away from the 
heart, the terminal expansions 
of the arteries lying in the 
periphery of the retina are 
first affected by the compres- 
sion. Hence the periphery 
of the retina first becomes 
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The dotted line gives the outline of the iris, J,, and the 


ciliary body, c,, in the normal condition. The root 
of the iris is adherent to the sclera, S, and the cor- 
nea, C, wherever it has been pressed against them 
by the ciliary body. The attachment of the iris 
is hence displaced forward and lies in front of 
Schlemm’s canal, s. So, too, the sinus of the an- 
terior chamber is displaced from b toa. Wher- 
ever the iris has become adherent, it bas been 
thinned through atrophy, so that in places—b, for 
example—it consists of scarcely anything more 
than the pigment-layer. Even the free portion of 
the iris, J, appears in consequence of its atrophy 
narrower than the normal iris, 7;, Over the pupil- 
lary border, e, the retinal layer of pigment turns 
forward farther than usual, and the sphincter 
pupillze, p, also shares to some extent in this pro- 
cess of revolution. The ciliary body has again 
become removed from the iris, and in fact more 
so than in the normal condition, so that it is now 
separated from the iris by a broad interval. The 
atrophy affects both the ciliary muscle, m, and 
the ciliary process, c. 


insensitive to light, a thing 
which manifests itself by con- 
traction of the field of vision. 
Moreover, the ischemia does 
not become apparent in all 
parts of the retina at once or 
in equally high degree. Since 
the papilla of the optic nerve, 
and with it the point of en- 
trance of the retinal vessels, 
lie to the nasal side of the pos- 
terior pole of the eye, these 
vessels have a greater distance 


to travel in going to the temporal margin of the retina than to the 
nasal margin. ‘The former is therefore first affected by the ischemia, 
so that the limitation of the field of vision begins generally at its nasal 
margin. 

Both the opacity of the cornea and the acute ischemia of the retina 
belong solely to inflammatory glaucoma, and it is they which are the 
principal cause of the very great reduction of sight during the acute 
attack of glaucoma. They are of transitory nature, disappearing again 
as the elevated tension abates, and at the same time with their disap- 
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pearance an improvement of the acuity of central vision and an en- 
largement of the field of vision set in. 

(c) In the third place, the acuity of vision is diminished by direct 
pressure upon the optic-nerve fibers and their consequent atrophy— 
atrophy which takes place during the formation of the glaucomatous 
excavation. The disorder of vision thus produced is permanent, since 
the atrophy of the optic-nerve fibers is irreparable. 

In glaucoma simplex the two first-named factors are wanting. The 
disorder of vision is here caused solely by the excavation and simul- 
taneous atrophy of the papilla of the optic nerve. 

Explanation of the Increase of Tension.—Easy as it is to deduce the 
symptoms of glaucoma from the elevation of tension, it is quite as dif- 
ficult to account for the origin of the latter, and thus explain the true 
nature of glaucoma. Of the many theories which have hitherto been 
propounded upon this subject, no single one is satisfactory in every re- 
spect. Only the most important of them will be adduced here, and 
that mainly with the object of showing upon what circumstances in- 
crease of tension in general depends. 

The intra-ocular pressure is determined by the relation between the 
internal capacity of the envelopes of the eyeball and the quantity of its 
contents. If the former increases or the latter diminishes, the pressure 
is elevated. An alteration of the internal capacity of the envelopes of 
the eyeball can not be brought in to account for the increase of press- 
ure, since the volume of the envelopes of the eyeball, as a whole, is 
unalterable. In advanced life, to be sure, the sclera is not only more 
rigid, but also a little contracted; but the diminution in volume so 
caused is extremely slight. We must, therefore, look for the cause of 
the elevation of tension in an increase in the amount of the contents 
of the eyeball, the envelopes of the eyeball being at the same time not 
sufficiently elastic to adapt themselves to their increased contents by a 
process of dilatation. The amount of matter contained in the eyeball 
depends, on the one hand, upon the quantity of ocular fluids which are 
constantly being secreted by the blood-vessels, and, on the other hand, 
upon the quantity of fluid which leaves the eye again through the 
lymph-passages ; it corresponds, that is, to the relation between inflow 
and outflow, between secretion and excretion. A disturbance of this 
relation must exist for a permanent increase to take place in the 
amount of matter contained in the eyeball. The inflow may be in- 
creased without a corresponding increase of the outflow, or the outflow 
may be diminished without a corresponding reduction in the inflow ; 
and increased inflow and diminished outflow might also exist simulta- 
neously. Most of the older theories of glaucoma were based upon the 
idea of an increase of the inflow : 

(1) Von Graefe assumed the existence of an increased excretion of 
fluid by the vessels of the chorioid as a result of inflammation of the 
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latter Since the ophthalmoscopic symptoms of chorioiditis are gen- 
erally wanting in glaucoma, Von Graefe, to get over this difficulty, 
assumed the existence of what he called a serous chorioiditis, the na- 
ture of which was supposed to consist in a serous transudation without 
any coarser anatomical changes. 

(2) Donders ascribed the increased secretion on the part of the 
chorioid to the influence of the ciliary nerves. He looked upon glau- 
coma simplex as the type of glaucoma because it was not complicated 
with inflammation. Hence he could not consistently look for the 
cause of the increased excretion of fluid in an inflammation of the cho- 
rioid. Rather, he supposed it to originate in an irritation of the chori- 
oidal nerves, as a sort of neurosis of secretion, just as, for example, in- 
creased secretion takes place in glands upon irritation of certain nerves. 

(3) Stellwag referred the elevation of tension not to increased ex- 
cretion of fluid, but directly to the increase of blood-pressure in the 
vessels of the interior of the eye. ‘The pressure which the blood exerts 
on the vessel walls is transmitted to the structures adjacent—that is, 
to the refracting media (particularly the vitreous), on the one hand, 
and to the sclera, on the other. It thus forms an important item of 
the total sum constituting the intra-ocular pressure, so that its eleva- 
tion has as its direct result an increase in the ocular tension as a whole. 
The interior vessels that come under consideration in this connection 
belong principally to the uvea, that being the most vascular portion of 
the eye. The elevation of the blood-pressure in the vessels of this part 
is therefore, according to Stellwag, the direct cause of glaucoma. It 
makes its appearance in consequence of obstructions to the circulation, 
which affect mainly the region of the vasa vorticosa, and are brought 
about by diminished elasticity and shrinking of the sclera; for those 
sections of the vasa vorticosa which pass with a very oblique course 
through the sclera are liable to compression whenever the latter 
shrinks. 

Against these theories the objection must be made, first of all, that 
an increase in the inflow or an over-distention of the vessels can not 
by themselves account for the increase in tension, since, if the condi- 
tions are otherwise normal, an increase in the contents of the eyeball 
is immediately compensated for by the increased outflow. If a few 
drops of liquid are injected into a healthy living eye, and the intra- 
ocular pressure is thus increased, it returns to the normal again after 
a short time, since a correspondingly greater amount of liquid flows 
off through the lymph-channels. Hence, to account for the eleva- 
tion of tension we must, in the first place, look for some obstruction 
to secretion, by which an increased amount of liquid is retained in the 
eye. The most important of the glaucoma theories that are based upon 
the idea of a diminution in the outflow of liquids is that of— 

(4) Knies and Weber. According to this, the ciliary processes 
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swell up in consequence of venous stasis, so that they press with their 
apices against the posterior surface of the iris (Fig. 73). The marginal 
portion of the iris is thus displaced so far forward that it becomes ap- 
plied to the most anterior portion of the sclera and to the margin of 
the cornea, and later on becomes adherent to them. This change 
manifests itself in the apparent advancement of the point of attach- 
ment of the iris. The normal sinus of the anterior chamber (Fig. 
74, 6) no longer exists (obliteration of the sinus); the iris becomes ap- 
plied to the inner surface of the ligamentum pectinatum, and com- 
presses its loose meshwork into a solid fibrous tissue. Thus the most 
important exit for the ocular fluids—that which leads through the liga- 
mentum pectinatum into Schlemm’s canal (see page 250)—is closed, 
and consequently an excess of fluid is retained in the eye. 

Even this theory, which at present counts perhaps the most ad- 
herents, is not free from objections. The most important of these is 
that in many cases of glaucoma simplex, and, very rarely, in cases of 
inflammatory glaucoma also, the apposition of the iris to the sclera and 
cornea is not present at all, but, on the contrary, the sinus of the 
chamber presents its normal relations. So far, therefore, no explana- 
tion of glaucoma has yet been propounded which would be satisfactory 
in every respect. The reason for this is perhaps to be looked for in 
the statement that all cases of primary glaucoma probably do not de- 
velop in the same way, so that ove explanation could not possibly fit all 
cases. And, in particular, it might be possible that glaucoma simplex and 
inflammatory glaucoma would have to be referred to different causes. 


ANATOMY oF GLAUCOMA.—In the cornea the cause of the cloudiness is found 
to be edema. The most anterior of the lamelle of the corneal stroma are pushed 
apart by fluid; but the fluid is especially apt to be found under the form of 
minute drops, between Bowman’s membrane and the epithelium, and also be- 
tween the epithelial cells themselves. These cells are hence pushed apart and 
lifted up, so that the surface of the cornea becomes slightly uneven and dull, 
often looking like shagreen. When the elevation of the epithelium takes place 
over a pretty large area, small vesicles are formed upon the surface of the cornea, 

In the sclera an increase in density has been demonstrated, and also a fatty 
degeneration of the fibers, which look as if sprinkled with minute drops of oil. 

The aqueous is more albuminous, and coagulates readily in the air and in 
hardening fluids. 

The most important changes affect the wea, In recent inflammatory cases 
it presents the appearances of inflammatory edema—i. e., infiltration with an 
abundant, readily coagulable liquid, while white blood-corpuscles that have 
emigrated from the vessels are present in but scanty numbers; but what strikes 
one most of all is the marked distention of the venous vessels, in consequence 
of which extravasations of blood are produced in many spots. The ciliary pro- 
cesses in particular, which of all the structures of the eye possess the most veins, 
are greatly swollen through the turgidity and distention of the vessels. Squeezed 
in between the sclera and the margin of the lens, the ciliary processes push for- 
ward and press the root of the iris against the sclera and the cornea (Weber). 
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By a process of simple adhesion (according to Knies, by adhesive inflammation), 
the periphery of the iris remains permanently connected with the sclera and 
cornea (peripheral anterior synechia), even when later on the ciliary processes 
retract again away from the iris (Fig. 74). This retraction takes place in con- 
sequence of the'atrophy which, after the subsidence of the early inflammatory 
symptoms, sets in in all parts of the uvea. In the iris, the atrophy finds ex- 
pression in its becoming narrower and thinner. Rigid connective tissue, from 
which the blood-vessels have for the most part disappeared, takes the place of 
the delicate network of anastomosing cells. In the vessels which are still pres- 
ent the walls are thickened, and the lumen is thus contracted or even entirely 
obliterated (Ulrich). The muscular bundles of the sphincter pupillx, too, be- 
come atrophied. The part which is best preserved is the retinal pigment-layer, 
which, by the great shrinking of the anterior layers of the iris, is drawn con- 
tinually farther and farther forward over the edge of the pupil (ectropion of 
the pigment-layer; Fig. 74, ¢). Hence, in looking from in front we find the 
margin of the pupil encircled by an uncommonly broad black rim, which some- 
times covers half the breadth, or even more, of the surface of the iris. The 
atrophy attains its greatest height at the root of the iris—i.e., at that part 
which is adherent to the sclera and cornea (Fig. 74, 6). In old cases nothing 
of the iris is left in this spot but the retinal pigment-layer, and also one or two 
of the larger vascular trunks. These remains of the iris are intimately adherent 
to the wall of the eyeball; the ligamentum pectinatum is condensed into a 
tough, fibrous tissue; and, finally, even Schlemm’s canal disappears. 

The ciliary body diminishes in size through atrophy, so that it draws away 
again from its contact with the iris, and afterward becomes flatter and flatter, 
until at length it scarcely forms any projection at all (Fig. 74, c). The atrophy 
affects the ciliary muscle as well as the ciliary processes. In the chorioid the 
atrophy finds expression in the obliteration of the blood-vessels and the rarefac- 
tion of the pigment, so that the chorioid is finally in some spots reduced toa 
thin, transparent pellicle. This sort of atrophy of the chorioid takes place 
most of all in the neighborhood of the papilla, and by it there is formed the 
halo glaucomatosus visible with the ophthalmoscope (h, Fig 71, A). The atro- 
phy also reaches a high degree in the spots where the vasa vorticosa pass from 
the chorioid into the sclera. The chorioid here grows fast to the sclera, which 
becomes thinned, and, together with the chorioid, protrudes as an equatorial 
staphyloma. In the vasa vorticosa themselves is found proliferation of the vas- 
cular endothelium, leading to contraction, or even obliteration, of the lumen of 
the veins (Czermak and Birnbacher). 

The dens, according to the investigations of Priestley Smith, is too large in 
proportion to the surrounding parts, on the one hand, because the volume of the 
lens increases with the age in any case, and, on the other hand, because in glau- 
coma we are dealing chiefly with hypermetropic eyes, the dimensions of which 
are generally less than the normal. In consequence of this disproportion, the 
edge of the lens pushes too close to the ciliary processes, for which reason the 
latter, when swollen, must give way forward, so as to press against the iris. 

At the optic-nerve entrance the particularly striking feature is the displace- 
ment of the lamina cribrosa, This is condensed by the compression of its lay- 
ers, and is displaced backward, so that not infrequently it even gets to lie be- 
hind the outer surface of the sclera (Fig. 71, ¢). The excavation of the papilla 
thus produced contains upon its floor atrophic nerve-fibers and also connective 
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tissue (Fig. 71, 0). Large excavations get to have overhanging edges (become 
ampulliform), neon the short canal in the sclera, which is designed for the optic 
nerve, and which is laid bare by the excavation, is wider behind than in front (see 
Fig. 9). In consequence of the destruction of the head of the optic nerve, the 
retina and the trunk of the optic nerve also atrophy; the latter becomes fuunee 
as a whole, and presents an enlargement of its connective-tissue trabecule at 
the expense of its bundles of nerve-fibers (Fig. 71, 7). 

Precise as is our information in regard to the anatomical changes above 
described, and many others, too, in glaucoma, we must be correspondingly 
cautious in the interpretation of their significance, if we are bent upon looking 
for the anatomical cause of glaucoma. Most of these changes, if not all, are 
simply the result of the increase of pressure—as is, without any doubt, the case 
with regard to the atrophy of the tissue and the excavation of the optic nerve. 
To find those changes which precede the increase of tension and cause it, we 
should have to examine the eye in the earliest stages of glaucoma—a thing the 
opportunity for which has hitherto been but very rarely offered us. Indeed, 
most of the glaucomatous eyes that have been examined are those which have 
been enucleated in the stage of glaucoma absolutum because they were painful. 


Treatment of Primary Glaucoma. 


(A) OPERATIVE TREATMENT, 


86. Glaucoma passed for an incurable disease until Von Graefe dis- 
covered the curative action of iridectomy. Afterward still other meth- 
ods of operating in glaucoma were devised, none of which, however, 
have been able to displace iridectomy. 

I. Lridectomy, the technique of which will be described in the sec- 
tion on operations (§ 156), must satisfy certain conditions, if it is to be 
efficient in combating glaucoma. ‘The wound should he in the sclera, 
not in the cornea; and the excision of the iris should be carried to the 
ciliary margin, and be as broad as possible. Inclusion of the iris in the 
wound after the operation should be avoided by careful reposition of 
the iris. If possible, the iridectomy is made upward, so that the colo- 
boma may be covered by the upper lid, and not cause trouble through 
the dazzling due to irregular refraction. But frequently it is precisely 
in the upward direction that the iris is very atrophic, in which case its 
excision is not only difficult, but also, as experience shows, is less effi- 
cient; in that case we are compelled to choose another place for form- 
ing the coloboma. In glaucoma simplex iridectomy is easily performed, 
while in inflammatory glaucoma it often presents considerable diffi- 
culties on account of the cloudiness of the cornea, the shallowness of 
the anterior chamber, the rottenness of the iris, and also on account of 
the great painfulness of the parts. 

As regards the time for performing the operation, it is best to oper- 
ate as early as possible. In inflammatory glaucoma the operation 
should be done in the prodromal stage, in case the patient can make 
up his mind to it. If he wait until the inflammatory attack, we can 
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not tell how severe it is going to be, and, in any case, we operate then 
under less favorable conditions. Under all circumstances the operation 
is demanded in the prodromal stage when the other eye is already ren- 
dered blind by glaucoma; in this case, too, the patient will more read- 
ily comprehend the necessity of the operation. When an eye has 
already been rendered blind by glaucoma, the restoration of sight is 
no longer possible by an operation; but yet one is often performed to 
relieve the painfulness of the eye, or to prevent the development of 
glaucomatous degeneration. 

In glaucoma simplex it is not a question of interfering within a few 
days or weeks, as is often the case in inflammatory glaucoma, but even 
here the operation should not be long deferred; the earlier we operate, 
the better results we obtain. 

The success of an operation in respect to vision can be estimated 
approximately beforehand, if account is taken of what morbid changes 
can and what can not be removed by the operation. Iridectomy re- 
duces the intra-ocular pressure to the normal amount. By it the glau- 
comatous cloudiness of the cornea and the disturbance of vision pro. 
duced by it, as well as the disturbance of vision caused by the com- 
pression of the retinal vessels, are removed. But the excavation and 
the atrophy of the optic-nerve fibers associated with it either do not 
abate at all or do so in but very slight degree, so that the disturbance 
of sight, so far as it is dependent upon them, persists. From these 
facts is deduced the action of iridectomy in the separate forms of glau- 
coma: 

(a) In inflammatory glaucoma the result of the operation in recent 
acute cases is extremely favorable. ‘The pain accompanying the glau- 
comatous attack ceases a few hours after the operation, the cornea in 
the next few hours or days becomes clear and sensitive once more, and 
the other inflammatory symptoms likewise speedily disappear. The 
sight, which during the attack was very much reduced through the 
cloudiness of the cornea and the compression of the retinal vessels, 
increases very considerably after the disappearance of these factors. If 
it was still normal before the attack, it becomes almost normal again 
after the operation. But if a long prodromal stage with the formation 
of an excavation has preceded the attack, both the acuity of direct vision 
and the visual field have already ceased to be normal some time before 
the attack, and will then be more imperfect still after the operation. We 
may accordingly put it down as a rule in acute inflammatory glaucoma 
that a degree of sight is secured by iridectomy, which is somewhat, but not 
much, smaller than it was before the last inflammatory attack. In afew 
cases, to be sure, the result of the operation is not so favorable, since, in 
spite of the operations being correctly performed, the increase of tension 
keeps up or sets in again anew. In these cases it is generally possible 
to attain our end by a second operation (iridectomy or sclerotomy). 
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Finally, there are cases in which, in spite of all attempts at operative 
interference, complete blindness supervenes. These unfavorable cases, 
however, are rare in acute glaucoma; so that, as a rule, one may count 
upon a good result for the operation, and one, too, which is lasting. 

In chronic inflammatory glaucoma we must estimate with respect 
to the prognosis of the operation how much of the disturbance of 
vision present is to be charged to the cloudiness of the media, and 
how much is due to the excavation and atrophy of the papilla of the 
optic nerve. The former portion is removed by the operation, the 
latter not. 

(2) In glaucoma simplex the result of the iridectomy is less pro- 
nounced and also less permanent than in inflammatory glaucoma. The 
visual disturbance in the variety of glaucoma simplex, in which the 
media are clear, is caused solely by the changes in the papilla of the 
optic nerve. Since the operation can not remove these changes, it is 
impossible to restore by means of it the normal acuity of vision. The 
operation can only do away with the increase in tension, and thus put 
a stop to the progress of the process; it accordingly gives greater 
promise of a permanent good result the more pronounced the increase 
in tension is. The rule is that the sight is maintained in statu quo by 
the operation, or, at most, is sightly improved. In many cases a repe- 
tition of the operation is necessary in order to obtain even this result, 
or the failure of sight goes on unchecked in spite of the operation. 
This may even take place when, in consequence of the iridectomy, the 
intra-ocular pressure has become permanently normal. We then assume 
that an atrophy of the optic-nerve fibers, when once initiated, keeps on 
progressing in spite of the reduction of the intra-ocular pressure. Of 
particularly unfavorable character are those cases in which the iridec- 
tomy actually exerts a bad influence upon the sight, the latter falling 
away very rapidly after the operation, so that blindness sets in earlier 
than it would have done without the operation. Sometimes inflamma- 
tory symptoms and pain make their appearance just after the opera- 
tion, when they were not present before. The eye feels hard directly 
after the operation, the anterior chamber fails to reform, and the eye 
becomes blind rapidly and with symptoms of violent pain. These cases, 
which, to be sure, are rare, are known as glaucoma malignum. 

The prognosis of iridectomy in glaucoma, then, is as follows: In in- 
flammatory glaucoma the operation acts favorably upon the inflammation 
and upon the eyesight, and its good results are permanent; it is hence 
unconditionally indicated. In glaucoma simplex only the maintenance 
of the status quo is to be counted upon. In a certain number of cases 
the operation is unsuccessful or actually does harm. Nevertheless, as 
without an operation the eye will certainly grow blind, iridectomy is 
indicated in glaucoma simplex too—at least in those cases in which an 
evident increase of tension is demonstrable. We endeavor to perform 
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the iridectomy as early as possible, for the more advanced the disease 
is, the more uncertain is the result of the operation. 

The reason why iridectomy diminishes the tension has so far not 
been discovered, since, indeed, the cause of the increase of tension it- 
self is still unknown to us. In an eye the tension of which is normal, 
the latter is not diminished by an iridectomy; for instance, if an iri- 
dectomy is made on account of an opacity of the cornea, the eye does 
not therefore become permanently softer. It is only the pathologically 
heightened tension that iridectomy reduces. Of the many reasons that 
have been given for this action in reducing tension, one only will be 
here adduced, because it has given rise to a new operative procedure. 
De Wecker was the first to express the opinion that in iridectomy the 
section in the sclera was of greater importance than the excision of the 
iris. He considered the significance of the scleral incision to lie in 
the fact that by means of it a cicatrix was introduced into the sclera, 
which allowed fluid to filter through it, as the normal sclera does not 
do. This filtration cicatrix, in his opinion, afforded a substitute for 
the obliterated ligamentum pectinatum. From the view that iridec- 
tomy owes its efficacy to the section in the sclera, sclerotomy has taken 
its origin. 

2. Sclerotomy consists in making in the sclera an incision, which is 
placed as far as possible in the periphery of the anterior chamber, and 
in which no iris is excised (for the technique, see § 155). There is no 
doubt that sclerotomy, too, which for a time was very much practiced, 
has permanently cured many cases. For the most part, however, the 
cure has not been definitive, so that an iridectomy has had to be re- 
sorted to subsequently. At the present time, therefore, most operators 
perform sclerotomy only in those cases in which iridectomy can not be 
performed for technical reasons, or in which an iridectomy has been 
already done without success. 

3. Hnucleation is indicated when an eye which has been rendered 
perfectly blind by glaucoma is continually painful, and an iridectomy 
is either impossible of performance on technical grounds, or has been 
already performed without success. In this case enucleation is done 
simply with the object of relieving the pain, and may, in suitable cases, 
be replaced by optico-ciliary neurotomy (see § 167). 


(B) MEDICINAL TREATMENT. 


The miotics, eserine and pilocarpine, are powerful agents in com- 
bating increase in tension. They act only when the iris is capable of 
contracting satisfactorily; hence, in old cases of glaucoma with a com- 
pletely atrophic iris they are useless. Their action is accounted for 
upon the supposition that by the contraction of the pupil the iris is 
stretched in a radial direction, and so is drawn away from the wall of 
the eyeball to which it has been applied, so that the sinus of the 
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chamber again becomes free. Unfortunately, the effect of miotics 
upon the ocular tension is not lasting, inasmuch as it vanishes with 
the disappearance of the miosis. The miotics can not, therefore, 
cure glaucoma permanently, and thus dispense with iridectomy ; 
they are, however, valuable auxiliary remedies in the treatment of 
glaucoma. 

In the prodromal stage of glaucoma miotics are employed to cut 
short the prodromal attacks. If the patient instills a miotic at the 
commencement of the attack, the latter comes to an end in about half 
an hour. Thus we can for a long time prevent the prodromal attack 
from rising into an acute inflammatory attack. Nevertheless, we should 
not protract the prodromal stage in this way until excavation of the 
optic nerve with permanent impairment of sight sets in. As soon as 
this threatens, we must proceed to iridectomy. 

During the acute inflammatory attack also miotics reduce somewhat 
the elevated tension, and thus ameliorate the pain and contribute to 
the disappearance of the glaucomatous cloudiness of the cornea. In 
this way it becomes more feasible to put off the operation for a few 
days, if circumstances require it. Moreover, the operation is rendered 
easier of performance, since the iris, very narrow before, becomes 
broader through the contraction of the pupil. 

In glaucoma simplex the action of miotics is dubious, and the more 
so the less pronounced the increase of tension is. 

The mydriatics are as prejudicial in glaucoma as the miotics are 
useful. The other methods of medicinal treatment in glaucoma, which 
formerly were very numerous, are now obsolete. Care should be taken 
to restrain the emotions and avoid constipation. 

Tridectomy is often difficult to perform in inflammatory glaucoma, so that 
the excision of the iris does not always turn out to have been done correctly. 
Luckily it is precisely in inflammatory glaucoma that even a less successfully 
performed iridectomy is usually followed by the effect desired. Above all, we 
must avoid injuring the capsule of the lens, an event which might easily hap- 
pen from the narrowness of the iris and the shallowness of the anterior chamber. 
Such an eye would be almost certainly lost, since the injured lens swells up, 
and thus gives rise anew to increase of tension. 

Iridectomy in inflammatory glaucoma is usually followed by hemorrhage 
into the anterior chamber and into the retina. The sudden diminution of the 
pressure, the fact that we are operating in a very hyperemic eye, and the de- 
generation of the vessel walls are all accountable for this. The blood in the 
anterior chamber 1s sometimes uncommonly slow in being absorbed, because the 
normal channels of outflow are stopped up. The retinal hemorrhages cause no 
special harm, except when one of them happens to involve the exact region of 


the yeilow spot. 

On account of the great tension of the glaucomatous eye, the edges of the 
wound after iridectomy do not close up as well as in the case of other iridecto- 
mies—e. g., those made for optical purposes. Hence, more frequently than is 
otherwise the case, we get, instead of direct union of the edges of the wound, 
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healing with the interposition of an interstitial tissue, as a consequence of which 
ectasis of the cicatrix or cystoid cicatrization is readily produced. 

In glaucoma simplex it sometimes happens that iridectomy has for its im- 
mediate result a marked reduction in the sight. This is to be apprehended 
when the field of vision was so very much contracted before the operation that 
its limits at one spot reached nearly up to the point of fixation. Then a slight 
intussusception of the confines of the visual field carries them beyond the point 
of fixation, so that central vision is lost. Hence the rule is to do iridectomy 
as early as possible, while the field of vision is still large. 

Views differ in regard to the efficacy of iridectomy in glaucoma simplex. 
Von Graefe estimated the number of definitive cures produced by the opera- 
tion at rather more than half the cases; in one quarter of the cases relapses 
occurred, which were cured only by a second iridectomy, while in the rest of 
the cases blindness gradually set in in spite of the operation. Only in two 
per cent of all the cases did the operation have actually a bad effect. Since 
then reports in regard to the curative effects of iridectomy in glaucoma simplex 
have been published by different authors, as by Hirschberg, Sulzer, Nettleship, 
Charles Stedman Bull, Gruening, etc. Most of these statistics prove, in har- 
mony with the statements of Von Graefe, that in about half the cases the opera- 
tion has put a stop to the progress of the disease. Dr. Laska has collected my 
own observations upon this point, and from them the following results have 
been obtained: Out of thirty-nine cases, iridectomy had a favorable result in 
nineteen—that is, in about one half, the sight either being kept stationary or 
actually improving; but in twenty cases the eyesight failed in spite of the 
operation, either from the subsequent reappearance of the elevation of tension, 
or even without this taking place. The value of these statistics, small as they 
are, lies in the fact that only cases that had been under observation a pretty 
long time were accepted in making them up. The mean period of observation 
amounted to five years in the nineteen cases that were cured; several of these 
had been followed up for more than ten years. 

In hydrophthalmus, iridectomy is associated with greater danger than in the 
glaucoma of adults, and that mainly because of the defective condition of the 
zonula, By reason of this, when, after the escape of the extremely abundant 
aqueous, the lens is driven forward, rupture of the zonula, and hence escape of 
vitreous through the wound, may take place. Another source of danger con- 
sists in the fact that we are dealing with children, of whom quiet behavior 
after the operation is not to be expected. Nevertheless, a series of favorable 
results have been recorded, the hydrophthalmus having been arrested by the 
iridectomy. 


II. SeconpARY GLAUCOMA. 


87. By secondary glaucoma we understand an increase of tension 
which appears in the course of other diseases of the eye, and as a con- 
sequence of them. Accordingly, the increase of tension here forms the 
complication of an already existing affection, although, all the same, it 
entails the results peculiar to itself, just as in the case of primary glau- 
coma. If it is associated with inflammatory symptoms, it produces in 
the cornea, the iris, etc., the changes belonging to inflammatory glau- 
coma, In other cases it manifests itself merely through the increase 
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in tension perceptible to the touch, and also through the pressure- 
excavation of the optic nerve with the disturbance of sight that is 
caused by it, namely, the contraction of the visual field and the dimi- 
nution in central vision. Moreover, its termination in blindness and in 
degeneration of the eyeball is the same as in primary glaucoma. 

The clinical picture of secondary glaucoma varies according to the 
disease which it accompanies. The affections of the eye leading to in- 
crease of tension are as follows: 

1. Eetasie of the cornea and the sclera. Of the former, it is above 
all those connected with inclusion of the iris—i.e., the staphylomata— 
that almost universally lead to secondary glaucoma. It is only the ex- 
ception that ectasiz without inclusion of the iris, such as keratectasia 
ex ulcere or keratectasia after pannus or after keratitis parenchymatosa, 
give rise to increase of tension. Of scleral staphylomata, those which 
occur after rupture of the sclera may entail increase of tension, and so 
also may the ectasie that develop after scleritis. Most ectasie of the 
sclera, however, are the result, not the cause, of the increase in tension. 

2. Fistula of the cornea, if it closes after existing a long time. 

3. Irido-cyclitis may increase the tension through causing abun- 
dant exudation into the interior of the eye. 

4. Seclusio pupille, whether originating in adhesion of the entire 
pupillary margin to the capsule of the lens or in the inclusion of the 
former in a cicatrix of the cornea. Seclusio pupillee leads to the accu- 
mulation of aqueous in the posterior chamber and to consequent pro- 
trusion of the iris, which is accompanied by increase of tension. 

5. The lens becomes a cause of secondary glaucoma in two ways— 
by being luxated and by being swollen. All forms of luxation are of 
significance in this regard; but the most dangerous cases are those in 
which the lens is wedged into the pupil or lies wholly in the anterior 
chamber. Sudden swelling of the lens after injury or operation may 
likewise cause increase of tension, especially if we are dealing with 
elderly people, whose sclera is rigid. 

6. Intra-ocular tumors, like sarcomata and gliomata, in a certain 
stage of their development excite the symptoms of secondary glaucoma. 

7. Hemorrhages into the retina are the expression of changes in 
the vessels or disturbances of circulation, which sometimes lead to eleva- 
tion of tension. This is most frequently the case in old people with 
arterio-sclerosis; the elevation here usually makes its appearance under 
the form of inflammatory glaucoma—glaucoma hemorrhagicum. 

8. Chorioiditis and myopia of a high degree often give rise to an 
increase of tension under the form of glaucoma simplex. 

The treatment of secondary glaucoma must above all endeavor to 
remove the cause lying at the foundation of the elevation of tension. 
For instance, in seclusio pupille the communication between the two 
chambers should be restored by means of an iridectomy, a dislocated or 
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swollen lens should be removed, if possiblé, and so on. For the symp- 
tomatic treatment of the increase of tension itself, the means at our 
command are paracentesis of the cornea and iridectomy. The former 
diminishes the pressure by means of the evacuation of the aqueous, but 
does so only temporarily, so that it is suited simply to those cases in 
which the increase of tension is foreseen to be of short duration—e. g., 
in swelling of the lens and in irido-cyclitis. The paracentesis may be 
repeated several times, according to the demands of the case. A lasting 
elevation of tension can be combated only by iridectomy. Glaucoma 
hemorrhagicum gives the most unfavorable prognosis. Here we can 
not count with certainty upon the effect of the iridectomy, since some- 
times the latter is immediately succeeded by blindness coming on rap- 
idly and with violent pain. Eyes which contain a new growth, or which 
are both blind and painful, require enucleation. 


DIMINUTION OF THE INTRA-OCULAR PRESSURE (hypotonia) is found in very 
diverse affections of the eyeball. It is always a sign that the contents of the 
eyeball have diminished in volume. Hence a high degree of diminution of ten- 
sion is observed when, after the perforation of the eyeball, either the aqueous 
has flowed away or the lens or vitreous has escaped. This may be the result of an 
injury or of the spontaneous rupture of an ulcer. If the perforation in healing 
leave a fistula or a cystoid cicatrix, through which aqueous continually escapes, 
the softness of the eye may persist for a long time (even many years). After the 
use of a bandage which has been too tightly applied, we find the eye softer for 
a short time, because, under the increased pressure due to the bandage, an in- 
crease in the outflow of fluids from the eye has taken place. So, too, the eye 
becomes very soft when the volume of the vitreous is diminished by shrinking 
of exudates—that is, in those cases in which atrophy of the eyeball occurs after 
irido-cyclitis. Hence a progressively increasing softness of the eyeball in the 
course of an irido-cyclitis is an ominous symptom. Slight degrees of decrease 
of tension accompany many cases of inflammation of the cornea, both sup- 
purative and non-suppurative, and also occur not infrequently after slight inju- 
ries (erosions) of the cornea, especially if these were associated with a contusion. 
Of the affections of the deep parts, detachment of the retina is particularly asso- 
ciated with diminution of tension. Finally, slight degrees of the latter are 
found in paralysis of the sympathetic, and also after the instillation of cocaine. 

Cases occur which are known as ophthalmomalacia, or essential phthisis, in 
which diminution of tension appears spontaneously, without known cause. The 
eye suddenly becomes very soft, smaller, and injected, and not infrequently 
there are marked photophobia and neuralgic pain associated with the condition. 
This state of things may last for hours or days, when it gives place to the nor- 
mal condition. In many instances such attacks recur at intervals (intermitting 
ophthalmomalacia). The cause of this rare disease in many cases has remained 
unknown; in other cases there has been an injury preceding it. The prognosis 
is good, as the ophthalmomalacia usually leaves no ill results behind. 


CHAPTER VIII. 


DISEASES OF THE LENS. 


ANATOMY. 


88. TH lens (crystalline body, lens crystallina) lies between the 
iris and vitreous, and, together with the zonula, divides the eye into a 
smaller anterior and a larger posterior section—the cavity of the cham- 
bers and the cavity of the vitreous. It is a transparent and colorless 
structure of lenticular shape, the anterior surface of which is less, the 
posterior surface more curved (Fig. 36). In the lens we distinguish an 
anterior and a posterior pole, and the rounded edge, or equator, at 
which the anterior and posterior surfaces of the lens come together. 
The sagittal diameter (thickness of the lens) amounts in the adult 
man to five millimetres, the equatorial diameter to nine millimetres; 
moreover, a small increase of volume of the lens takes place in the 
later years of life. 

The lens lies within the circle formed by the ciliary processes, but 
in such a way that its equator is distant about one half millimetre from 
the apices of the processes. The interspace between the ciliary body 
and the equator of the lens is called the circumlental space. The pos- 
terior surface of the lens is imbedded in the fossa patellaris of the vit- 
reous. The lens is kept in position by the suspensory ligament (liga- 
mentum suspensorium lentis), or zonula of Zinn. 

If after rupturing the zonula we take the lens out of the eye, we find 
it, in the first place, inclosed in a transparent capsule—the capsule of 
the lens. If after removing the capsule we try to crush the lens of an 
adult between the fingers, the softer peripheral masses separate, while 
the harder central portion remains uncrushed between the fingers. The 
former form the cortex, the latter the nucleus of the lens (see Fig. 59, 
rand k). These are distinguished not only by their consistence, but 
also by their color. The cortex is colorless, while the nucleus has a 
yellowish or brownish hue. ‘The nuclear layers owe their greater con- 
sistency and also their coloration to a process which is known as scle- 
rosis, and which consists mainly in a loss of water. The sclerosis com- 
mences in the center of the lens, and begins even in childhood, but 
advances so slowly that it is not until the age of twenty-five that a dis- 
tinct, although still small, nucleus is present. Through the continu- 
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ous progress of the sclerosis from the center to the periphery of the 
lens, the nucleus steadily increases in size as the years go on, and the 
cortex diminishes in like proportion, so that at length, at a very 
advanced age, almost the entire lens is converted into nucleus, or is 
sclerosed. There are many individual differences in this regard, so 
that persons of the same age have lenticular nuclei of different size. 
The size of the nucleus is of practical importance in the operation for 
cataract. 

The sclerosed portion of the lens is hard and rigid, incapable of 
changing its shape. Hence, the further advanced the sclerosis of the 
lens is, the less able is the latter to make that alternating change in its 
shape which is requisite for the act of accommodation. For this reason 
the faculty of accommodation diminishes with advancing age (pres- 
byopia; see § 142). 

The nucleus reflects more light than the non-sclerosed part of the 
lens. Hence, the pupil in elderly people, whose lens has a large nucleus, 
is no longer of such a pure black as in youth. It gives a gray or gray- 
ish-green reflex, which by the inexperienced 
is easily confounded with beginning cataract. 

Histology of the Lens.—The lens consists 
of fibers having the form of long, prismatic, six- 
sided cords. ‘They are closely applied to each 
other, and are held together by a cement sub- 
stance. The fibers begin and end upon the 
anterior and posterior surfaces of the lens, 


Fie. 75.—STELLATE FIGURE OF 


THE POSTERIOR SURFACE OF 
THE LENS. DRAWN FROM A 
LENS HARDENED IN MUL- 
LER’S FLuID. MAGNIFIED 
2x1. 


From the posterior pole of the 


lens start three primary 
rays, one of which is direct- 
ed straight downward, the 
other two inward and up- 
ward and outward and up- 
ward. These divide into 
their branches so near 
their origin, in this case, 
that the Y-shaped figure is 
here not at once obvious. 


along lines which radiate from the anterior 
and posterior poles (Fig. 75). Here they form 
a Y-shaped figure—the stellate figure of the 
lens—which can be recognized in the living 
eye in adults by means of lateral illumination. 
The three rays of the stellate figure branch, 
and thus divide the lens into a number of 
sectors whose apices meet in the region of the 
anterior and posterior poles of the lens. In 


pathological cases—i. e., in opacity of the lens 
—the sectors often stand out very distinctly. The fibers of the nucleus 
are distinguished from those of the cortex by their being slenderer 
and having finely crenated edges. The transition from nucleus to 
cortex is quite gradual, no sharp line of distinction existing between 
the two. 

The capsule of the lens (/, Fig. 76) is a homogeneous membrane, 
which is thicker upon the anterior than it is upon the posterior surface 
of the lens. The anterior capsule of the lens is further distinguished 
by having a single layer of cubical epithelial cells, the epithelium of 
the lens (¢, Fig. 76). This plays an important part in the growth of 
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the lens, as the fibers of the latter originate from the cells of the cap- 
sular epithelium. If we‘follow the epithelium of the anterior capsule 
toward the equator, we see that the epithelial cells rise higher and 
higher, until finally they are converted into long fibers, the fibers of the 
lens (Fig. 76, f). As the cells became elongated their nuclei recede 
from the capsule into the interior of the lens, so that a zone is found 
along the equator, in which there are numerous nuclei lying in the 
lens-substance itself. This nuclear zone, as it is called (&, Fig. 76; cf. 


Fie. 76.—NucLeaR ZONE OF THE LENS. (AFTER BABUCHIN.) 


1, lens-capsule. The epithelial cells, e. by a process of gradual elongation, grow out into the 
lens-fibers, f, with the nuclei, k. 


also Fig. 47, &), represents that district of the lens in which the growth 
of the latter takes place. This growth occurs by a process of apposi- 
tion, new epithelial cells constantly growing out into lens-fibers, which 
are placed outside of and next to the older lens-fibers. The fibers lying 
in the center of the lens are thus the oldest, and the most exterior fibers 
are the youngest. The reason for nuclei not being present outside of 
the nuclear zone in the interior of the lens is that the nuclei disappear 
from the older lens-fibers. As regards the manner of its growth, there- 
fore, the lens is an epithelial structure, like the hair, nails, and teeth. 
And, in fact, embryology shows that the lens originates from an in- 
vagination of the external germinal layer (see page 264). 

The zonule of Zinn consists of delicate, homogeneous fibers, which 
take their origin from the inner surface of the ciliary body, beginning 
at the ora serrata. The fibers at first are in contact with the surface 
of the ciliary body (z, Fig. 47), but leave it at the apices of the ciliary 
processes, and, becoming free, pass over to the edge of the lens (free 
portion of the zonula; z,, Fig. 47). As they do this, they diverge so 
as to go partly to the equator of the lens itself, and partly in front of 
and behind the equator to the capsule of the lens, with which they 
become fused. The space, triangular on cross-section, included between 
the fibers of the zonula and the equator of the lens, is called the canal 
of Petit (ii, Fig. 47). It is connected with the posterior chamber by 
means of slit-like gaps between the separate fibers of the zonula. 

The optical function of the lens consists in its bringing the rays 
that have been already made ‘convergent by the cornea still closer 
together, so that they unite upon the retina. For this purpose the 
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refractive power of the lens has to be less or greater, according as the 
rays are parallel or divergent when they fall upon the eye. This 
alteration in the refractive power (accommodation) is produced by a 
change of shape of the lens (see § 140). 

In regard to the metabolism of the lens, see pages 253 and 255. 


I. OPACITIES OF THE LENS. 


A. General Considerations. 


89, Opacities of the lens, called cataract,* may be situated in the 
lens itself or in the capsule. Accordingly, we distinguish lenticular 
and capsular cataracts; by the combination of the two is produced cap- 
sulo-lenticular cataract. 

The objective symptoms of lenticular opacity vary according to its 
extent and its intensity—partial opacities often requiring for their rec- 
ognition lateral illumination or the use of the ophthalmoscope, and, if the 
opacities lie far in the periphery, artificial dilatation of the pupil being 
necessary in addition. By reflected light (with focal illumination) the 
lenticular opacities present themselves under the form of gray or white 
spots or striae. These often exhibit shapes which have a connection 
with the structure of the lens—e. g., the shape of sectors or radii. By 
lateral illumination it can be determined at what depth the opacities 
are situated in the lens. Opacities of the anterior capsule are distin- 
guished by the brilliant white hue and very superficial situation ; some- 
times they form a distinct prominence upon the anterior surface of the 
lens. When seen with the ophthalmoscope—that is, by transmitted 
light—the lenticular opacities do not appear white, but dark, like black 
dots or striae, which stand out in contrast with the red hue of the pupil 
(see page 7). Commencing, slight opacities of the lens can only be 
recognized by means of the ophthalmoscope. Far-advanced opacity of 
the lens can be recognized at once with the naked eye by the change 
of color of the pupil, which is white or a gray of varying degrees of 
brightness. 

The subjective symptoms of opacity of the lens consist in a disturb- 
ance of vision, the degree of which depends upon the situation and the 
nature of the opacity. Patches of cloudiness that are small, sharply 
circumscribed, and at the same time as opaque as possible—as, for exam- 
ple, anterior polar cataract—cause little or no impairment of the sight. 
Larger opacities disturb the sight to a considerable degree, and, more- 
over, torment the patient by the production of peculiar phenomena, 
such as musce volitantes and polyopia. The seeing of mausce voli- 
tantes (mouches volantes) consists in the patient’s noticing black specks 
in the field of vision, which, however, if caused by opacities of the lens, 


* Waterfall, from karappfyvums, | pour down. 
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change their place only with the movements of the eye, and hence (in 
contradistinction to opacities of the vitreous) always occupy the same 
spot in the field of vision. They become objects of cognition by cast- 
ing a shadow upon the retina, which is perceived by the latter. Mul- 
tiple vision (polyopia monogularis) causes the patient to see the same 
object double and multiple. It can sometimes have a very disturbing 
action, as a case related by Becker shows. A lamplighter in the castle 
of a prince, when he lighted the candelabra and chandeliers in the 
salons the evening before a soirée saw thousands of lights, which con- 
fused and frightened him to such a degree that he got the idea that he 
was dealing with a ghost. The reason for the polyopia is found in the 
optical irregularities which develop in the lens as it grows opaque 
(irregular lenticular astigmatism), so that the lens throws upon the 
retina not one but several images of the same object. These phe- 
nomena often bring the patient to a physician at a time when as yet 
no considerable diminution of the sight exists. 

The diminution in visual acuity depends, with regard to its degree, 
upon various circumstances. It is greater when the opacity is diffuse, 
less when it is sharply circumscribed, so that quite clear interspaces are 
found between very opaque spots. The case is the same as with a 
window-pane, through which nothing can be distinguished when it is 
uniformly covered with watery vapor; although, if a wire screen is 
placed in front of the otherwise clear pane, we can still see pretty 
well through it. The interference with vision is also greater when 
the opacity is situated in the central portions of the lens than when 
it occupies the periphery. In the latter case, in fact, the sight may be 
perfectly normal; this being particularly the case as long as the opaci- 
ties continue to lie completely behind the iris. The sort of illumina- 
tion with which the best vision is obtained also depends upon the 
situation of the opacities. With a central opacity the sight is better 
when the pupil is dilated, because the still transparent, peripheral por- 
tions of the lens are then used for seeing. Persons thus affected, 
therefore, see better when the illumination is reduced, as in the even- 
ing twilight; they have nyctalopia. In such a case the vision can also 
be improved by the artificial dilatation of the pupil by means of atro- 
pine. The reverse occurs when the opacities occupy the periphery of 
the lens. Then vision is better when the pupil is contracted, so that 
the opacities are covered by the iris. Such patients try to get a bright 
light, and see better by day than by night—hemeralopia. 

Later on, as the opacity increases, the sight becomes more and more 
reduced, the musce volitantes and the polyopia disappear, and the 
patient grows blind. But, even when he has lost the ability to dis- 
tinguish objects (qualitative vision), he has still always left him the 
perception of light—the distinction between light and darkness or 
quantitative vision. The examination of the perception of light (see 
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§ 156) is of great importance with regard to the prognosis of a complete 
opacity of the lens. If the perception of light is deficient or entirely 
wanting, this proves the existence of a complication on the part of the 
retina or the optic nerve, in which case an operation for cataract would 
have little or no result. 


In former times when focal illumination and the opthalmoscope were un- 
known, one, in making diagnosis of commencing cataract was thrown back 
chiefly upon the subjective symptoms, especially myodesopsia (the seeing of 
musce volitantes), which was therefore much more exactly studied and followed 
up than at present. At that time it was quite possible for pupillary membranes, 
which made the pupil appear gray or white, to be regarded as opacity of the 
lens, and they were therefore called cataracta spuria. We shall not fall into 
this mistake if we observe the connection which a pupillary membrane almost 
always has with the margin of the pupil, and which is particularly marked 
when we call in the aid of atropine. But, even with all our present auxiliaries, 
it is often impossible to say whether the lens behind a dense pupillary mem- 
brane is transparent or opaque. 

Myopia often develops in the beginning of senile cataract. In this case we 
are dealing with elderly people, who formerly saw well at a distance and used 
convex glasses for reading; and who then began to notice that they could read 
fine print again without glasses, and are perhaps very much pleased at this so- 
called ‘second sight.” That, as an off-set to this, they do not see as well at a 
distance as formerly, often escapes their notice. Examination of the eye with 
glasses shows that it has become myopic, so that the near point has got back 
again to the reading distance. This myopia is ascribable to an increase in the 
density of the lens while the cataract is beginning to form, an increase by which 
the refractive power of the lens is heightened. 

An opacity of the same character causes more disturbance of vision when it 
is situated at the posterior than at the anterior pole of the lens; for the nodal 
points of the eye—i. e., those points through which all rays entering the eye 
without undergoing refraction (principal rays) must pass—lie close to the pos- 
terior pole of the lens. 

The anatomical changes forming the basis of lenticular opacity have been chief- 
ly studied in senile cataract. Becker is the one who by his profound researches 
has done the most to advance our knowledge of the development of cataract. 

Cataract begins by the separation of the lens-fibers from each other at cer- 
tain spots, so that fissures are produced filled with liquid (Fig. 77, s). These 
are formed first at the boundary line between the nucleus and the cortex, and 
particularly in the region of the equator of the nucleus. It is assumed that 
these dehiscences are caused by the shrinking of the nucleus, that is associated 
with sclerosis, when this shrinking proceeds too rapidly for the cortex to adapt 
itself to the diminished volume of the nucleus. The liquid contained in the 
fissures coagulates into drops or spheroidal bodies (spheres of Morgagni; /, 
Fig. 77). The lens-fibers themselves, which bound the fissures, are at first still 
normal and hence transparent. The fluid which collects between them may at 
first be transparent too, and nevertheless the spots look cloudy, because the fluid 
in the fissures has a different refractivity from that of the lens-substance itself. 
So, too, a white opaque foam is produced when we mix transparent air with 
equally transparent water by agitation. Afterward the lens-fibers themselves 
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become cloudy. They look at first as if sprinkled with fine dust owing to the 
accumulation in their interior of a fatty substance in extremely nae drops 
At the same time that the lens-fibers get cloudy, their caliber becomes en 
because they swell up in spots (g, Fig. 77). In this way bodies that are eas 
vesicular, and frequently nucleated (vesicular cells; d, Fig. 77) are produced. 
Finally, the lens-fibers break déwn completely, so that from the lens-tissue is 
formed a pultaceous mass consisting of drops of fat, spheres of Morgagni, re- 
mains of lens-fibers, and an albuminous liquid (Fig. 77, 2). As the fenenibers 
break down, the connection between them and the capsule, which is a very inti- 


Fie. 77.—CATARACTA CAPSULO-LENTICULARIS. ENLARGED 1701. 


k, anterior capsule of the lens ; e, epithelium, occurring at e, in several layers because of prolif- 
eration ; /, normal lens-fibers ; v, light-colored vacuoles (drops of liquor Morgagni) between 
land the epithelium. The fissures originating through the separation of the lens-fibers are 
filled with a granular mass (coagulated fluid). s, which in places forms the spheres of Mor- 
gagni, M. The lens-fibers themselves are swollen up (q), or transformed into vesicular cells 
(b), or entirely disintegrated (z). 


mate one in the normal lens, is loosened, and a liquid (the liquor Morgagni) col- 
lects in open spaces between the lens and capsule (at 0 in Fig. 77, appearing 
under the form of separate vacuoles, but at 7, Fig. 59, accumulated in greater 
amount and separating the capsule from the cortex). By this process the re- 
moval of the lens from the capsule, as has to be done in a cataract-operation, 
is facilitated. 

The nucleus of the lens is transformed by the sclerosis of the lens-fibers into 
such a resistant mass that generally it remains unchanged in the midst of the 
disintegrating cortex (%, Fig. 59). Hence the nucleus of a cataractous lens is 
usually not essentially different from the nucleus of a healthy lens of the same 
period of life (Becker). But, if there is no hard nucleus present yet, the disin- 
tegration of the lens is complete (Fig. 60). 

The subsequent changes in the opaque and disintegrated lens consist in the 
first place in a gradual resorption of the pultaceous lens-masses. In this way 
lenticular opacities may clear up again; not, to be sure, in the proper sense of 
the word, by the opaque lens-fibers becoming once more transparent, but by 
the disappearance of the opaque parts. The sclerosed nucleus resists resorption 
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as it does disintegration. Cholesterin is not infrequently excreted in the cor- 
tex in tabular crystals, which are sometimes large enough to be visible to the 
naked eye as shining points. Lime salts may be deposited in the pultaceous 
lens-masses. 

Capsular opacity is not situated in the capsule itself, which never becomes 
opaque, but is deposited upon the capsule. Opacities of the anterior capsule 
are caused by an opaque tissue which is found on the inner surface of the cap- 
sule; between it and the lens (Fig. 78). This tissue takes its origin from a pro- 


Fic. 78.— ANTERIOR CAPSULAR CATARACT. Maaniriep 401. 


The capsular cataract forms a projection upon the anterior surface of the lens, covered by the 
capsule, k, which is unchanged and simply thrown into folds. The capsular epithelium, 
e, loses its regularity at the border of the cataract, its cells being increased in number and 
separated by the cataract from the capsule, so as to form for a short distance the posterior 
boundary of the cataract. The cataract consists of a fibrous tissue, with cells lying in the 
spindle-shaped gaps between the fibers. Succeeding the cataract posteriorly is liquor Mor- 
gagni, M, which is coagulated into a pulverulent mass, separating the capsule from the 
cataractous layers of the lenticular cortex, 


liferation of the capsular epithelium. The cells of this latter increase in num- 
ber so that a multiple layer of them is formed (Fig. 77, e:). From this layer 
there is formed by the growth of the epithelial cells into elongated fibers a sort 
of fibrous tissue which looks like connective tissue, but still is not true connect- 
ive tissue, since it has originated from epithelium. By the interposition of 
this tissue between the capsule and the lens a distinct elevation is formed upon 
the anterior surface of the lens. 

The opacities of the posterior capsule lie, as a rule, upon its posterior sur-- 
face. 

Inflammation of the lens—phakitis*—does not exist. Inflammatory ele- 
ments, such as round cells, occurring in the lens, do not originate in it, but 
enter the lens from the outside through an opening in the capsule. 


Bb. Clinical Forms of Cataract. 


90. Every opacity begins at first at some special spot in the lens 
(partial cataract). It may remain permanently limited to this spot 
(partial stationary cataract), or it may gradually spread over the whole 
lens and lead to total cataract (progressive cataract). 


(A) PARTIAL STATIONARY CATARACTS. 


1. Cataracta Polaris Anterior.—A small white dot is seen at the 
anterior pole of the lens. Anatomical examination has proved that it 
corresponds to an opaque tissue lying beneath the anterior capsule and 


* Krom gaxds, lentil. 
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between it and the lens—that is, that we are dealing with a capsular 
cataract (Fig. 78). Hence this form of opacity is also called anterior 
central capsular cataract. If the opaque layer of tissue is thick enough 
to form a distinctly visible conical projection, we speak of pyramidal 
cataract (Pp Fig. 39). Anterior polar cataract may be either congeni- 
tal or acquired. ‘The former variety has its cause in an interference 
with the development of the lens, the precise nature of which has not 
been determined. The acquired form develops in childhood exclusively, 
and then because of perforating ulcers of the cornea (most frequently 
In consequence of blennorrhcea neonatorum). When the ulcer under- 
goes perforation and the aqueous escapes, the lens pushes forward so 
that its umbo is applied to the posterior aperture of the perforation. 
Thus, partly by mechanical means, partly through the direct contiguity 
of the inflamed cornea, an irritation is set up in the epithelium of the 
anterior capsule, so that it proliferates and forms an opaque tissue 
beneath the capsule. Afterward the ulcer heals, the anterior chamber 
is reconstituted, and we then have a central opacity of the cornea and 
a central capsular cataract. 

Anterior polar cataracts of small area may exist without giving rise 
to any essential disturbance of vision, this being caused more by the 
opacity of the cornea than by that of the capsule. Treatment, none. 

2. Cataracta Polaris Posterior.—This consists of a small white dot 
at the posterior pole of the lens, which, on account of its deep location, 
is generally to be discovered only with the ophthalmoscope. It belongs 
to the posterior capsule, upon the posterior surface of which it is de- 
posited (hence also called posterior central capsular cataract). Pos- 
terior polar cataract is congenital, and dates from the time when the 
hyaloid artery passed through the vitreous to the posterior pole of the 
lens (see page 267 and Fig. 56). When this disappears incompletely, 
some of its tissue remains upon the posterior capsule. Hence, we some- 
times find posterior polar cataract simultaneously with persistence of 
the hyaloid artery. The interference with vision is inconsiderable 
when the cataract is small. Treatment, none. 

The anterior and posterior polar cataracts are capsular, while the 
partial stationary cataracts about to be mentioned are all lenticular. 

3. Circumscribed Opacities of Various Kinds in the Lens itself.—In 
this category belongs central cataract, a small spherical opacity directly 
in the center of the lens. The cataracta fusiformis, or spindle-shaped 
cataract, consists of an opaque line which runs in the axis of the lens 
from the anterior to the posterior pole, and presents a spindle-shaped 
swelling at a point corresponding to the center of the lens. In cata- 
racta punctata, extremely minute white dots are found, either distrib- 
uted uniformly through the whole lens or united in a group in the 
anterior cortical layer. Besides these here mentioned, numerous other 
forms of circumscribed stationary lenticular opacities are known, all of 
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which, however, occur so rarely that they'do not need to be minutely 
described here. All these opacities are sharply circumscribed, and are 
sometimes of very regular and graceful shape; they are congenital, and 
are mostly found in both eyes. They are often inherited, although the 
same forms of cataract are not always met with in the different mem- 
bers of the,same family. Eyes affected with cataracts of this sort not 
infrequently present other congenital malformations too, or are found 
in individuals whose whole development, mental or physical, is incom- 
plete. Most of these opacities in themselves cause little impairment of 
the sight, which, however, is often defective for other reasons. 

4. Perinuclear (or Zonular, or Laminar) Cataract.—This is the most 
frequent form of cataract in children. After dilating the pupil, we see 
a gray, discoid opacity in the lens, surrounded by a perfectly trans- 
parent marginal portion (Fig. 79). The diameter of the opaque disk is 


Fie. 80. 
Fic. 79.—LAMELLAR CATARACT SEEN BY REFLECTED LIGHT. MAGNIFIED 3x2. 


The iris, J, has retracted under atropine. The opacity forming the lamellar cataract is denser 
at the margin than at the center. The riders are depicted in the upper half, but are left out 
below to show how the lamellar cataract looks without them. Between the margin of the 
opacity and the margin of the pupil, P, is a black interspace corresponding to the transpar- 
ent periphery of the lens. 


Fie. 80.—LAMELLAR CATARACT IN CROSS-SECTION. SCHEMATIC. MAGNIFIED 2x1. 


The layers, s, placed between nucleus and cortex, are opaque, but the adjacent layer is so only 
in the equatorial region, r, so that riders are formed. 5 z 


sometimes larger, sometimes smaller, and so, too, consequently, is the 
width of the peripheral, transparent zone (Fig. 79, P). Upon examina- 
tion with the ophthalmoscope, the cataract appears as a dark disk, sur- 
rounded by the transparent and therefore red and illuminated periph- 
ery of the pupil. The darkness of the disk is greater near the edge 
than in the center, by which circumstance a zonular cataract is dis- 
tinguished from a solid opacity, which, as it affects the nucleus too, 
would necessarily be densest in the center. Along the outline of the 
opacity, which usually is sharply defined, small opaque dentations are 
not infrequently found, called riders, projecting from the margin of 
the cataract into the transparent periphery, like the spokes on the 
steering-wheel of a steamship (in Fig. 79 represented only in the upper 
half of the cataract). 


DISEASES OF THE LENS. all 


Lamellar cataract is caused by an opacity of the layers lying between 
the nucleus and cortex (Fig. 80, s), while these two themselves are trans- 
parent (Jiiger). The riders on the periphery of the lamellar cataract 
originate from the fact that a second layer, peripherally situated with 
regard to the first, is beginning to become opaque, doing so first only at 
isolated spots corresponding to the equator of this first layer (7, Fig. 80). 
These partial opacities embrace the equator of the inner opacity in front 
and behind; they ride upon it, as it were, whence the name riders. 

Lamellar cataract almost always affects both eyes. Its time of origin 
falls within the first years of life. It is found, above all, in those chil- 
dren who have suffered from convulsions (Arlt). Such convulsions are 
mostly caused by rickets, and especially by the rhachitic changes in the 
skull (craniotabes). The teeth at the same time are irregularly formed, 
often being represented simply by cubical or irregular stumps, which are 
covered unevenly by enamel or in places are entirely denuded (rhachitic 
teeth). Lamellar cataract, therefore, stands in etiological connection 
with rickets (Horner). Inheritance of lamellar cataract is of not in- 
frequent occurrence. 

Perinuclear cataract is stationary as a rule, although there are cases 
in which it gradually develops into a total opacity of the lens. This is 
especially to be expected if riders are seen on the margin of the opacity, 
since these warrant us in the conclusion that the opacity is making its 
way into the peripheral layers. 

The degree of interference with vision, due to lamellar cataract, 
does not depend upon the diameter of the opacity, for lamellar cata- 
racts of even small diameter are always large enough to occupy the 
whole pupillary area of the lens, so that the transparent peripheral zone 
is always entirely concealed behind the iris when the pupil is not dilated. 
Hence, as far as vision is concerned, the degree of saturation of the 
opacity is the only thing that has to be considered. As this latter 
varies greatly, all gradations are found between almost normal sight 
and considerable impairment of vision. 

Treatment is required for lamellar cataract only when the interfer- 
ence with vision is considerable. In these cases there are two ways to 
choose from for improving the sight by operative means. The trans- 
parent periphery may be exposed and rendered available for vision by 
means of an iridectomy, or the lens may be removed altogether. The 
latter is accomplished in young people by discission ; in older ones, in 
whom a hard nucleus is already present in the lens, by extraction. 
Each of these procedures has its definite indications, its advantages, and 
its disadvantages. 

Iridectomy is proper only when the peripheral, transparent zone of 
the lens is pretty broad. It retains for the patients the possibility of 
seeing at a distance and near by without glasses, but causes disfigure- 
ment by depriving the pupil of its round shape, and also gives rise to 
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dazzling. It is only of transient benefit’in those cases in which the 
lamellar cataract passes into total opacity of the lens. On the other 
hand, removal of the lens produces a radical cure, and, if done by 
discission, leaves a round and mobile pupil; but it renders the patient 
exceedingly hypermetropic, and deprives him of the power of accom- 
modation, so that he is compelled always to make use of glasses. 
Hence, in the choice of operative methods, we usually proceed as fol- 
lows: If signs of the progress of the cataract are present (riders or a 
demonstrable gradual diminution in visual power), the removal of the 
cataract is unconditionally indicated If a stationary condition of the 
cataract is to be expected, we perform iridectomy when the transparent 
periphery of the lens is broad enough to make distinct vision possible ; 
otherwise, we remove the lens. In order to establish the availability of 
the periphery of the lens for vision, the visual acuity is determined, 
first with the pupil contracted, and then after its artificial dilatation 
by means of atropine. If the visual acuity is considerably increased 
in the latter case, iridectomy is indicated; otherwise, removal of the 
lens. 

5. Cataracta Corticalis Anterior et Posterior.—In this there is 
found in the anterior or posterior cortical layer of the lens a stellate or 
rosette-shaped figure, the center of which corresponds to the pole of 
the lens, while its rays are directed radially toward the periphery. An- 
terior cortical cataract is much rarer than the posterior variety ; some- 
times both are found together. The two forms of cataract occur gen- 
erally in those eyes which suffer from affections of the deep parts, like 
chorioiditis, retinitis pigmentosa, fluidity of the vitreous, etc.; the dis- 
turbance in the nutrition of the lens, thus produced, induces the forma- 
tion of an opacity in it. The interference with vision is usually con- 
siderable, since it is caused not only by the opacity of the lens, but also 
by the involvement of the fundus. Anterior and posterior cortical 
cataracts remain stationary for many years and then at length pass into 
total opacity of the lens. They accordingly constitute a transition be- 
tween the stationary and the progressive forms of cataract. When 
they have induced total cataract, they afford a bad prognosis for the 
operation on account of their being complicated with a lesion of the 
fundus. 


An anterior polar cataract is sometimes joined by a filament of connective 
tissue with a central cicatrix of the cornea. This takes its origin from the time 
when the lens was applied to the cornea after the perforation of the ulcer. The 
lens and cornea were then glued together by a mass of exudation, which may 
afterward become organized and be drawn out into a long filament when the 
anterior chamber is reconstituted. Generally the filament ends by rupturing, 
but exceptionally it may persist all through life and connect the corneal cicatrix 
with the anterior pole of the lens. There are cases of anterior polar cataract in 
which the corneal cicatrix that is left by the ulcer does not lie in the pupillary 
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area, but in the periphery of the cornea. Hence, it follows that the perforation 
must have occurred at some point not directly in the center of the cornea. In 
fact, to produce the cataract, it is enough that the lens as it pushes forward 
after perforation has taken place should apply itself by its umbo to the posterior 
surface of the cornea, even though the latter itself is sound. 

Corneal opacities acquired in very early childhood often clear up to an ex- 
traordinary degree, so that in anterior polar cataract it is not always a dense 
cicatrix, but often only a slight cloudiness of the cornea, that is found. If this 
latter is overlooked, the method of development of the cataract might become 
a matter of doubt. 

Anterior polar cataract, through subsequent contraction of the newly formed 
tissue, sometimes causes a folding of the adjacent portions of the anterior cap- 
sule, visible upon examination with a magnifying-glass. This folding may 
afterward lead to an opacity of the lens itself (total cataract); in some cases I 
have seen a unilateral lamellar cataract develop in this way. 

Perinuclear cataract is found in individuals who, in childhood, have suffered 
from rhachitis and from convulsions due to it. For this reason Horner has pro- 
mulgated the view that the rhachitic interference with nutrition, besides affect- 
ing the bones, affects epithelial structures too, especially the teeth and the lens, 
which in its development has much in common with the teeth. Upon this sup- 
position, those layers of the lens would become opaque that are formed during 
the period when the nutrition is being disturbed by rhachitis; while at a later 
period, after the disappearance of the rhachitis, normal transparent layers of lens- 
substance are again deposited. If this is correct, we are not only able to under- 
stand why lamellar cataract presents a shell-like opacity, but we can also from 
the opacity draw a conclusion as to the point of time at which the lamellar cata- 
ract was formed; for, since at the time of its development the opaque zone 
was the most peripheral layer of the lens, its size would give us the volume 
which the lens had at the time when the lamellar cataract was formed, But 
from the size of the lens we can deduce the age at which the lamellar cataract 
developed. Accordingly, the smaller the equatorial diameter of the opaque 
disk, the less must we assume this age to be. Other means for determining 
with certainty the point of time at which the lamellar cataract has developed 
we do not as a rule possess. An undoubted case of congenital lamellar cata- 
ract is known (Becker), and as undoubtedly the development of a lamellar cata- 
ract in a child of nine has been observed (De Wecker). In most cases, probably, 
the formation of the cataract occurs within the first years of life, at the time at 
which convulsions also make their appearance in children; generally, though, 
the cataract is not discovered until later. For the persons affected with it are 
not blind, but are simply weak-sighted; hence the affection from which they 
suffer does not generally make itself apparent until the time when greater de- 
mands are made upon the eyes—that is, in the first years of instruction at school. 

Deutschmann, Beselin, Lawford, and Schirmer have made anatomical ex- 
aminations of lamellar cataracts. These showed that within the opaque layer 
numerous small gaps filled with liquid (vacuoles) are present becween the lens- 
fibers. In addition, larger fissures occur surrounding the nucleus like a shell. 

Lamellar cataract does not always present a uniformly gray disk, but fre- 
quently exhibits a complicated structure. Densely opaque dots or graceful 
figures are often noticed in the anterior or posterior opaque layers, or markedly 
opaque sectors are contrasted with the less opaque matter in their vicinity. 
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Again, while the riders correspond to partial’ opacities of a neighboring layer, 
the latter may also be opaque through its entire extent so as to surround the 
inner opaque layer like a cloak, while at the same time separated from it by a 
thin transparent stratum. Thus there originate double or even triple lamellar 
cataracts. 

People suffering from lamellar cataract are often myopic; for, on account of 
the indistinctness of the retinal images, they are compelled to bring objects closer 
to the eye in order to make up in size of the retinal image what it lacks in clear- 
ness. From this apparent myopia a real one usually develops subsequently, be- 
cause, through the habit of constantly looking at objects near by, the posterior 
wall of the eyeball becomes stretched and the axis of the eyeball elongated. 

Cataracta corticalis anterior and posterior are sometimes observed after injury 
of the lens, and that both when the lens-capsule is opened and also in simple 
contusion of the lens without opening of the capsule. The stellate form of 
opacity in the cortex develops in the days immediately succeeding the injury, 
and may either rapidly pass over into complete opacity of the lens, or may re- 
main stationary, or may even disappear again. The rapid development of these 
opacities, as well as the fact that they can disappear, indicate that they do not 
consist in a clouding of the lens-fibers themselves. Probably what occurs is a 
distention of the preformed cavities (lymph-spaces; Schlésser; see p. 255) in 
the lens with fluid, which may disappear from them again. 


(B) PROGRESSIVE CATARACTS. 

91. Progressive cataracts begin as partial opacities, which steadily 
extend until at length they occupy the entire lens. This is true, with 
the qualification that the portions of the lens already sclerosed—that is, 
the nucleus—ordinarily remain exempt from opacity. Hence, opacity 
of the lens in all its parts occurs only in young persons whose lens as 
yet has no hard nucleus; in older people the nucleus generally remains 
transparent. The time required for a lenticular opacity to involve all 
the parts that are capable of becoming opaque at all, varies very greatly. 
There are cases in which a transparent lens becomes completely opaque 
within a few hours, while other cataracts require many years before 
they can become total. 

We distinguish in the course of a progressive cataract four stages, 
which are best marked in the most frequent form of cataract, senile 
cataract. To this form, therefore, the following description mainly 
applies : 

First Stage. Cataracta Incipiens.—Opacities occur in the lens, be- 
tween which are found spots that are still transparent. The shape of 
the opacity is most frequently that of sectors (so-called spokes), the base 
of which looks toward the margin, and their apex toward the poles of 
the lens. 

Second Stage. Cataracta Intumescens.—In proportion as the lens 
becomes more opaque, it contains more and more water, and hence 
swells up. This increase in volume of the lens is recognized by the 
increasing shallowness of the anterior chamber. As long as the opacity 
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has not reached to the anterior capsule, the iris throws a shadow upon 
the lens. To see this, a light is held near the eye and to one side of it. 
Then a black shadow is seen on the side of the pupillary margin that 
is turned toward the light (Fig. 81 4). This arises from the fact that 
the opaque layer of the lens upon which the iris casts its shadow lies 
some distance behind the iris. This opaque layer acts like a screen 
which receives the shadow of the iris. An observer, looking at the eye 
from in front, sees then that portion of the shadow which does not 
lie behind the iris itself (#4, Fig. 81 B). This portion of the shadow 
becomes narrower the nearer the opacity approaches the iris, and finally 
disappears altogether when the opacity reaches the anterior capsule. 


a 


Fic. 81 A. e 


L 


Fia. 81 B. 
Fic. 81 A.—SHADOW OF THE IRIS SEEN FROM IN FRONT. 


The crescentic shadow appears on the side of the pupillary margin which is turned toward the 
source of light, L. 


Fic. 81 B.—SHapvow oF THE IRIS UPON THE LENS IN SCHEMATIC CROSS-SECTION. 


The inner layers of the lens are supposed to be opaque, the peripheral ones transparent. The 
source of light, ZL, throws upon the surface of the ‘opacity a shadow from the iris, whose 
central border is at b. An observer, looking from a point straight in front of the eye, sees a 
pomoe of this shadow, of the width ab, running at the side of the pupillary margin of 
the iris. 


The distended lens has a bluish-white color and a marked silky luster 
of the surface, and shows very clearly the stellate markings of the lens. 

During the stage of intumescence the opacity of the lens becomes 
total. As soon as this has taken place the lens begins gradually to lose 
water, so that it returns once more to its former normal volume. ‘The 
lens then enters upon the— 

Third Stage (Stage of Maturity). Cataracta Matura.—The ante- 
rior chamber is once more of normal depth, and the iris no longer casts 
a shadow—a proof that the opacity of the lens has become total. The 
lens has lost its bluish-white, iridescent look, and has a dull-gray or 
brownish color; the radial markings of the stellate figure of the lens 
are still for the most part recognizable. A mature cataract has the 
property of separating readily from its connection with the capsule. 
This is caused partly by the fact that the disintegration of the lens- 
fibers has proceeded straight up to the capsule, partly by the fact that 
the lens, formerly enlarged, has diminished again in volume, and thus 
the connection between the surface of the lens and the capsule is 
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loosened. The lens then lies in its capsule like a ripe fruit in its rind 
(Arlt); and thus it has become ripe for operation, since it is of great 
importance that the cataract should be capable of removal from its 
capsule without any portions of the lens remaining behind. ‘These 
would form a new opacity in the pupil—a secondary cataract—and 
thus render the result of the operation doubtful. 

Fourth Stage. Cataracta Hypermatura.—The further metamor- 
phosis of a mature cataract consists in the complete disintegration 
of the opaque lenticular mass. This becomes converted into a pul- 
taceous substance, which no longer shows any trace of the original 
structure of the lens, its formation out of sectors, etc. Hence, in a 
hypermature cataract we either see no markings at all, or nothing but 
irregular spots—no radii nor sectors. The consistence possessed by a 
hypermature cataract depends upon whether the gradual loss of water, 
which began after the intumescence of the cataract and reduced the 
latter to its normal volume, keeps on or not. If the loss of water con- 
tinues, the pultaceous mass which is produced by the disintegration of 
the lens-fibers becomes more and more inspissated. It dries up along 
with the nucleus of the lens into a flat, cake-like mass; the anterior 
chamber consequently becomes deeper and deeper. ‘This is the ordi- 
nary form of hypermature senile cataract. 

If the loss of water ceases after the lens becomes entirely opaque, 
the lenticular mass grows more fluid in proportion as it breaks up into 
constantly smaller parts. If this process goes on in a young person, in 
whom there is no hard nucleus in the lens, the latter becomes liquefied 
through and through, so that the lens consists of a milky fluid (cata- 
racta fluida sive lactea). If this metamorphosis affects an old lens, the 
nucleus, which has failed to become opaque, also escapes disintegration, 
and sinks under the form of a heavy compact mass to the bottom of the 
liquefied cortex. The cataract has then a homogeneous white appear- 
ance, corresponding to the milky cortex, and in its lower portion pre- 
sents a brownish shading, which is bounded above by a semicircular 
line, and which corresponds to the upper half of the dark nucleus. 
As the latter alters its position with the movements of the head, the 
brownish shadow can also be seen to change its place. This form of 
cataract is known as Morgagnian cataract (cataracta Morgagnt). 

A liquefied lens, however, does not remain permanently unaltered, 
but inspissation of the fluid occurs later on through the gradual loss of 
water, the disintegrated lens-masses being at the same time in part re- 
sorbed. In this way the lens constantly diminishes in volume until, in 
cases in which no nucleus has been present, it is transformed into a 
thin, transparent membrane (cataracta membranacea). In children, 
in whom resorption is carried especially far, the opaque lenticular 
masses disappear altogether in places. The two layers of the lens-cap- 
sule, which has remained transparent, come into apposition, and thus 
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there are formed perfectly transparent spots in the opaque lens, recog- 
nizable by reflected light as black gaps in the white pupil. he child 
begins to see again, a sort of spontaneous cure of the cataract having 
occurred. 

When a hypermature cataract has lasted a long time, changes set 
in which lead to complications: (@) Cholesterin, or lime-salts, are de- 
posited in the lens-mass. ‘The former is recognizable with the naked 
eye under the form of shining points in the opaque lens. Calcification 
of the lens (cataracta calcarea sive gypsea) takes place chiefly in com- 
plicated cataracts. It is characterized by a peculiar coloration, varying 
from chalk-white to yellow. (4) The anterior capsule becomes thick- 
ened by proliferation of the capsule-cells, so that out of a simple len- 
ticular cataract there is formed a cataracta capsulo-lenticularis. The 
capsular opacity presents itself under the form of a dense, white, 
irregular spot upon the gray or brownish surface of the lens, usually 
occupying the central part of the anterior capsule, over an area about 
corresponding to the pupil. (c) The lens becomes tremulous. The 
shrinking of the hypermature cataract affects not only its thickness, 
but also its equatorial diameter. In proportion as the latter diminishes 
in size, the zonula of Zinn is stretched, and thereupon undergoes a cor- 
responding atrophy of its fibers. Consequently, the attachment of the 
lens becomes imperfect, so that the lens shakes with the movements of 
the eye (cataracta tremula). Spontaneous luxation even of the lens 
may take place through partial or total rupture of the zonula. In 
consequence of these changes an operation for hypermature cataracts 
is often more difficult, and gives rather less favorable results than the 
operation in the stage of maturity. 

As the diagnosis of the stage of a cataract is that which determines 
the question of the performance of an operation, and hence is of great 
practical importance, the distinguishing signs of the separate stages 
will be summed up in the following brief words : 

1. Cataracta incipiens. Anterior chamber of normal depth; trans- 
parent spots still to be found in the lens between isolated opacities. 

2. Cataracta intumescens. Anterior chamber shallower; iris usu- 
ally casting a shadow; lens bluish-white and having a silky luster ; 
markings of the stellate figure of the lens very distinct. 

3. Cataracta matura. Chamber of normal depth; no shadow cast 
by the iris; markings of the stellate figure of the lens still recognizable. 

4. Cataracta hypermatura. Anterior chamber of a normal depth ; 
no shadow cast by the iris; surface of the lens appearing quite homo- 
geneous (in the case of liquefaction), or showing irregular dots and 
spots in place of the radial markings of the lens-star. 

According to their consistence, total cataracts are distinguished into 
hard and soft (cataracta dura et mollis). This has reference to the 
nucleus of the cataract. By soft cataract, therefore, we understand 
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one having no distinct hard nucleus (Fig: 60), while those cataracts 
are known as hard which inclose a hard nucleus, although the cortex 
is soft (Fig. 59). The nucleus, in fact, does not usually become sub- 
ject to cataractous changes, and therefore retains its natural consist- 
ence. The distinction between hard and soft cataract is made chiefly 
from a practical point of view. For the extraction of cataract from 
an eye a section must be made, the dimensions of which depend mainly 
upon the size of the nucleus. The wound must be large enough for 
the nucleus to pass easily through it, as otherwise the nucleus either 
can not be removed from the eye at all, or, as it is squeezed violently 
through the wound, it crushes the lips of the latter. The soft cortex 
is stripped off from the nucleus, as the latter passes through the wound, 
and can subsequently be readily removed from the eye by stroking; it 
is unnecessary, therefore, to pay any regard to it in making the section. 
Hence, in soft cataracts a small wound (simple linear extraction) suf- 
fices, while in hard cataracts the wound must be longer, in proportion 
to the size of the nucleus. 

For these reasons it is of importance before undertaking an opera- 
tion to diagnosticate whether the cataract contains a hard nucleus, and 
if so, about how large it is. For this purpose we must take into ac- 
count the age of the patient and the appearance of the cataract. The 
age is to be considered, inasmuch as the development of the nucleus is 
in direct proportion to it in healthy, and hence also in cataractous, 
lenses. Cataracts of children and young people have no nucleus; in 
older persons the nucleus is in the main larger the more advanced the 
age is. Nevertheless, it is not to be forgotten that very considerable 
individual variations occur with regard to the size of the nucleus. <A 
careful inspection of the cataract, however, enables us to see the nu- 
cleus directly. It can be recognized upon lateral illumination as a 
dark reflex emanating from the depth of the lens. From this we can 
estimate its size, and from its color estimate its consistence also. The 
darker—reddish or brownish—the nucleus is, the harder (and usually, 
too, the larger) is it. 

It may happen that the sclerosis of the lens has advanced so far 
that it has been entirely, or all except a small residue, transformed 
into a nucleus. It is then converted into a hard, dark-brown, trans- 
parent mass. The pupil looks black, and it is o ly on careful inspec- 
tion—especially with the aid of lateral illumination—that we recognize 
that it is of a peculiar dark brown. This condition is known under 
the name of cataracta nigra. | Properly speaking, it is not a cataract 
in the true sense of the term, but a far-advanced senile alteration of 
the lens—a total sclerosis of it. Such lenses are always large and hard, 
and require a large section for their removal. 


The opacities which make their appearance in the beginning of the develop- 
ment of a cataract possess most frequently the following forms: 
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1. Opaque sectors (radii) which look grayish-white by reflected light, black 
by transmitted light, and whose apices converge toward the pole of the lens. 
They correspond to the natural grouping of the lens-fibers into sectors. Some- 
times they are broad and triangular, sometimes narrow, being occasionally rep- 
resented by nothing but slender radii. That form of cataract in which the 
lens is traversed by numerous, very slender radiating lines is found chiefly in 
myopic eyes. The clouding of the sectors begins in their periphery, where they 
are visible with the ophthalmoscope long before their apices project into the 
region of the pupil and impair vision. 

2. A diffuse, smoke-like cloudiness occupies the central portion of the lens. 
It belongs to those layers which directly inclose the nucleus. This sort of 
opacity disturbs the sight much earlier and to a much greater extent than do 
the opaque radii, because, in the first place, they are from the start found in the 
pupillary area; and, secondly, because they are diffuse and do not have any spots 
that are quite transparent. 

3. We find, as an extremely frequent occurrence, in the eyes of old people, 
an opaque ring which lies near the equator of the lens, and which, on account 
of its resemblance to the arcus senilis of the cornea, was named by Ammon the 
arcus senilis (sive gerontoron) lentis. It does not impair vision, since it lies wholly 
behind the iris, and shows little tendency to spread. 

Generally, in commencing senile cataract, several or even all of the above- 
mentioned forms of opacity are met with. 

4. In young people, cataract often begins in the form of irregular, macular 
or cloud-like opacities. 

How long a time does it take for a cataract to become ripe? The progress 
of a cataract is sometimes rapid, sometimes slow, the latter especially in senile 
cataract, which not infrequently remains in an almost unchanged condition for 
years. Hence, if we find in an elderly patient the first stages of a cataract which 
as yet produces no interference with vision worth mentioning, the indication is, 
in the interest of the patient, not to frighten him by communicating his con- 
dition to him, as he perhaps may enjoy sufficiently good vision for several years 
yet to come. For our own security we may communicate the discovery to some 
person intimately connected with the patient. Sometimes the lenticular opacity 
progresses by fits and starts—a cataract which has remained unchanged for quite 
a long time becoming almost completely mature within a few months or even 
weeks. 

For these reasons it is for the most part impossible to answer with precision 
the patient’s question as to when the cataract will become ripe. The following 
diagnostic points may serve for an approximate determination: The lenticular 
opacity develops the more rapidly the younger the person is. Light-colored 
cataracts become matured more rapidly than dark ones, and those with broad 
radii more rapidly than those with slender radii. A cataracta nigra can never 
become matured in the ordinary sense of the word, since it is not a cataract 
proper but a sclerosis of the entire lens which may be said to have been con- 
verted in toto into a nucleus, and hence always preserves a certain degree of 
transparency. For the laity a criterion of the ripeness of a cataract—i. e., of its 
readiness for operation—is the fact that the eye is no longer in a condition to 
count fingers. This does not hold good for dark cataracts, which generally 
do not become so opaque that the patients can not perceive the larger-sized 
objects. Nevertheless, these can be operated upon with good results, since the 
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lens has been transformed into a hard, horny, translucent mass which can readily 
be shelled out cleanly from its capsule. 

The rapidity of ripening is also influenced by the etiology of the cataract. 
Certain cataracts, such as diabetic, traumatic, and glaucomatous cataracts, fur- 
thermore complicated cataracts, particularly those resulting from detachment 
of the retina, are distinguished by their rapid rate of progress. The time 
required for ripening can be most readily determined, at least in the case of 
senile cataract, when the other eye already contains a ripe cataract and the time 
that this has taken to develop is known, since presumably the rate of advance 
of the cataract is the same in both eyes. 

The intumescence of the maturing cataract is caused by the swelling of the 
cortex. It is, therefore, more distinctly pronounced the softer the cataract is, 
since then there is much cortex; on the other hand, it is altogether wanting in 
the dark, hard cataracts which consist of scarcely anything but nucleus. For 
the same reason, too, the ordinary phenomena of hypermaturity do not occur in 
the latter; instead of undergoing further disintegration, the horny lens remains 
unchanged, or, at most, thickening of the capsule is added. 

By a combination of thickening of the capsule with various degrees of 
consistence of the lens, special varieties of cataract are produced. A liquefied 
lens in a thickened sac-like capsule is called cystic cataract (cataracta cystica). 
By the term cataracta arida siliquata is understood a shriveled cataract within 
a thickened capsule; deriving its name (dry, silique-shaped or pod-like cataract) 
from its similarity to a dried pod (silique). 

By the shriveling of the cataract in the stage of hypermaturity the anterior 
chamber becomes deeper, until finally the iris, instead of projecting forward in 
the shape of a cone, lies in a plane. If the diminution in the size of the cata- 
ract keeps on, the iris is not drawn backward so as to form a funnel, except 
when it is joined to the lens-capsule by posterior synechie. Otherwise the 
iris remains stretched in a plane, and the shriveling lens becomes farther and 
farther removed from the iris, so that the latter, deprived of its support, be- 
comes tremulous. A dark interspace is then seen between the iris and the lens, 
and the iris again throws a shadow upon the latter. This shadow must not, of 
course, be confounded with that which is found in immature cataract. Nor 
should the black rim of pigment on the margin of the pupil, seen in every case 
of cataract, be regarded as the shadow cast upon the iris. It is easily distin- 
guished from a shadow by its appearance, and also by the fact that it is visible 
not only at the side toward the light, but all round the iris. 

In the stage of hypermaturity in which the opaque layers become thinner 
through resorption, the sight often increases a little, so that, for example, the 
fingers can be again distinguished. Really serviceable vision sometimes comes on 
in young people, when the resorption goes on so far that spots are formed which 
are perfectly transparent. In senile cataract, in which a hard nucleus is pres- 
ent, it is extremely rare for a spontaneous restoration of sight to occur, although 
it may take place in the following ways: (a) By the resorption, in exceptional 
cases, not only of the cortex but also of the nucleus to such an extent that noth- 
ing but slight opacities remain. (0) By the formation of a Morgagnian cata- 
ract, and the subsequent transformation of the fluid portion of the cataract into a 
clear, transparent liquid. Then the upper part of the pupil is transparent and 
black, while the brown nucleus is seen lying in its lower part. These cases are 
not so very rare, only they were not formerly correctly diagnosticated. I my- 
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self, since I have begun to pay attention to the subject, have seen six such cases 
which formerly I would probably have looked upon as cataracts which had _be- 
come diminished in size and luxated downward. Afterward the transparent 
liquid, and even the nucleus itself, may be resorbed, so that only a thin mem- 
brane is left. (c) By spontaneous dislocation of the lens, so that the pupil 
again becomes partly or entirély black. 

Operations upon hypermature cataracts give rather less favorable results than 
those performed at the time of maturity. The chief disadvantages of operating 
in the stage of hypermaturity are: 1. Prolapse of the vitreous during the opera- 
tion, on account of the defective condition of the zonula. 2. Retention of the 
thickened and opaque capsule. Since this can not disappear by subsequent 
absorption, as the opaque lenticular masses may do, it forms a permanent sec- 
ondary cataract. 3. The possibility of the products of the disintegration of the 
lens-substance, especially cholesterin, coming into direct contact with the iris, 
and exerting such an irritating action upon it that iritis develops. I once oper- 
ated by discission upon a shriveled cataract which contained scarcely anything 
else between the two layers of capsule but a large amount of cholesterin crys- 
tals. After the anterior capsule had been opened, the crystals poured into the 
anterior chamber, where they could be seen floating about like glistening points 
in the aqueous and afterward sinking to the bottom after the fashion of a 
hypopyon. Although the operation itself was done without the iris receiving 
any mechanical injury, a severe irido-cyclitis nevertheless ensued, in conse- 
quence, I suppose, of the irritation of the iris due to the cholesterin. 

To what has been said in regard to the nucleus of the lens and its behavior 
in cases of cataract, exceptions occur. There are cases of cataract in children, 
jn which the lens, instead of being soft, has quite a hard nucleus or even has a 
wax-like consistence throughout. On the other hand, cases of senile cataract 
have been observed without nucleus. In exceptional cases, the nucleus and not 
the cortex may be the first part to become opaque in the lenses of adults (cata- 
racta nuclearis. ) 


C. Etiology of Cataract. 


92, 1. Cataracta Congenita.—The cause of this is either a disturb- 
ance of development or an intra-uterine inflammation of the eye. Both 
the stationary partial cataracts (particularly anterior and posterior polar 
cataract) and the progressive forms of cataract may be congenital. 
Congenital cataracts are usually bilateral and often inherited. Heredi- 
ty, however, makes its influence felt in non-congenital cataracts also, 
and, in fact, even in senile cataract; there are families in which many 
of their members (and that, too, for the most part at an uncommonly 
early age) become blind from senile cataract. 

2. Cataracta senilis is by far the most frequent form of cataract. 
Indeed, it occurs very frequently in old people, but not so regularly as 
to be regarded as a physiological attribute of age—as the turning gray 
of the hair is, for example—but as a pathological process. It usually 
does not make its appearance until after the fiftieth year of life, but is 
exceptionally observed in the years between forty and fifty. The fact 
of a cataract occurring in an elderly person does not of itself justify the 
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diagnosis of senile cataract. An old man may get a cataract in conse- 
quence of traumatism, ete. Hence, to establish this diagnosis, it must 
be demonstrated that neither in the eye nor in the body in general are 
there diseases which might account for the development of the cata- 
ract, so that the latter can only be attributed to the effect of age. Se- 
nile cataract always affects both eyes, but rarely at the same time, so that 
generally one-eye is in advance of the other in respect to the develop- 
ment of its cataract. 

3. Cataract due to General Diseases.—The most frequent of these 
is diabetic cataract. This mainly develops when the amount of sugar 
in the urine is high, and usually matures rapidly. It is always bilateral. 
In this category are also to be set down perinuclear cataract depending 
upon rickets and cataract due to nephritis. 

4. Cataracta Trawmatica.—All injuries which make an opening in 
the lens-capsule result in opacity of the lens. If a fresh, transparent 
lens is taken out of its capsule and laid in water, it absorbs water 
abundantly and in so doing becomes opaque, swells, and finally breaks 
up into layers through a process of cleavage. Precisely the same thing 
takes place in the living eye through the imbibition of aqueous by the 
lens, when the capsule has been opened through traumatism, so that 
the aqueous comes into direct contact with the lens-substance. When 
the traumatism affects the posterior capsule, the vitreous acts in the 
same way as does the aqueous. 

The opening of the capsule usually occurs through direct injury 
inflicted by means of a punctured or incised wound, through the pene- 
tration of a foreign body, and also designedly through an operation 
(discission). Contusions of the eyeball also, which do not perforate its 
tunics, may cause opacity of the lens. In many of these cases it is 
likely that rupture of the capsule, probably in the region of the equator 
of the lens, is caused by the contusion. But this does not exclude the 
possibility of lenticular opacity being caused by simple concussion with- 
out the capsule being opened—the opacity in that case evidently not 
depending upon imbibition of aqueous. 

The development of cataract after injury of the capsule proceeds in 
the following way: As early as a few hours after the injury the lens is 
found to be clouded in the vicinity of the capsular wound. Soon 
swollen lens-fibers protrude through the capsular wound, so as to pro- 
ject under the form of gray flocculi into the anterior chamber, and 
these later on break off and fall to the bottom of the chamber. While 
the prolapsed masses of lens-substance are becoming gradually smaller 
through resorption and finally disappear, new flocculi keep protruding 
through the capsular wound. At the same time the opacity spreads 
farther and farther in the lens itself, so that usually within a few days 
the lens is opaque throughout. The subsequent course varies. In 
favorable cases the eye remains free from inflammatory. symptoms. 
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New portions of the lens keep coming through the capsular wound into 
the anterior chamber, where they undergo resorption. In this way the 
lens may disappear completely by absorption, so that the pupil becomes 
clean and black, and thus a spontaneous cure of the cataract takes place. 
In most cases, however, resorption comes to a stop earlier from reclos- 
ure of the capsular wound. ‘Then opaque portions of the lens still re- 
main in the shrunken capsular sac and form a shriveled cataract, which 
requires an operation for the restoration of sight. 

In the unfavorable cases traumatic cataract is complicated sooner 
or later with inflammation. This, for the most part, like the cataract 
itself, is to be regarded as the direct consequence of the traumatism, 
by which the membranes of the eye (particularly the uvea) either suffer 
a severe mechanical injury or undergo infection. Then the clouding 
of the lens and the inflammation (irido-cyclitis) go on at the same time. 
In other cases the inflammation is the result of the cataract, the lens 
as it swells pressing upon the iris and irritating it to the point of inflam- 
mation. The inflammation leads to the adhesion of the opaque lens to 
the neighboring parts, especially the iris and ciliary body (cataracta 
accreta), and by this adhesion the operation for the cataract is rendered 
difficult. In the severest cases the inflammation is so violent that 
alone it suffices to destroy the eye, either through panopthalmitis or 
through plastic irido-cyclitis terminating in atrophy of the eyeball. 

Increase of tension may also be caused by a swelling traumatic cata- 
ract. These cases are less dangerous if they come under the observation 
of a physician, since the increase of tension can be done away with by 
timely interference (by paracentesis of the cornea, by removal of the 
lens, or by iridectomy). But if such a case is not treated, the sight is 
usually destroyed through excavation of the optic nerve. 

5. Cataracta Complicata.—By this term we mean cataracts occur- 
ring as the result of other diseases of the eyeball. As the lens draws its 
nutrient material from the surrounding tissues, it is easy to understand 
how in disease of the latter the transparency of the lens may suffer. 
The affections of the eyeball most frequently leading to the formation 
of cataract are: (a) violent inflammations in the anterior sections of 
the eye, such as extensive suppuration of the cornea (particularly that 
produced by abscess) and irido-cyclitis; (d) sluggish inflammations in 
the posterior sections of the eye, such as chorioiditis (particularly irido- 
chorioiditis chronica), myopia of high degree, retinitis pigmentosa, 
detachment of the retina; (c) glaucoma in the stage of glaucoma abso- 
lutum (cataracta glaucomatosa). ; 

The diagnosis that a cataract is complicated may be made in those 
cases where there is a disease of the anterior section of the eye, simply 
by the external examination of the eye. Morbid changes may be made 
out in the cornea or iris, and also adhesions between these organs and 
the cataract. But if the pathological changes which have led to the 
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production of opacity in the lens appertain’ to the deeper portions of 
the eye, they may not be visible from the outside. Even in such cases, 
however, the cataract often shows itself to be complicated by its pecul- 
iar appearance. ‘hus in chorioiditis and retinitis pigmentosa, stellate 
anterior and posterior cortical cataracts are found (see page 372); and 
total cataracts are often distinguished by being liquefied or calcified, by 
the thickening of the capsule, by the assumption of a yellow or green 
color, by tremulousness of the lens, etc. If the cataract presents noth- 
ing exteriorly that points to its being complicated, the only way in 
which the diagnosis can be made is by examining the perception of 
light, a thing which should be done in every case. Such examination 
will often demonstrate the perception of light to be deficient or alto- 
gether wanting in complicated cataract. 

It is of practical importance to recognize the fact that a cataract is 
complicated, because by this fact the prognosis and treatment are influ- 
enced. The prognosis is less favorable than in uncomplicated cataracts, 
both because the operation is more difficult to perform, and because 
the result, as far as sight is concerned, is less successful. Moreover, 
complicated cataracts often require special methods of operation. 
Many complicated cataracts are not susceptible of being operated upon 
at all. 


In exceptional cases congenital cataracts are not discovered immediately after 
birth, but only when the child is some weeks or months old. For new-born 
children have very narrow pupils; and, moreover, keep their eyes shut most 
of the time because they sleep so much, so that no notice is taken of the fact 
that their pupils are not black. Then, too, as such young children do not fix 
their eyes upon objects, the fact that they do not see is not obvious. Partial 
congenital cataracts, if they do not cause any notable impairment of sight, are 
often not noticed until the patient is of a pretty mature age, or perhaps are 
never discovered at all. Not a few congenital cataracts are complicated, as can 
be seen from the changes found at the same time in the iris, especially posterior 
synechie. They are hence the result of a foetal iritis. The formation of the 
cataract must in many cases be dated pretty far back in intra-uterine life, since 
children sometimes come into the world with cataracts that have already become 
shriveled. Here, therefore, the entire process of ripening and of shriveling has 
been evolved in utero. 

Endeavors have been made, hitherto in vain, to discover some general dis- 
turbance of nutrition as the cause of senile cataract. Deutschmann thought that 
ina number of cases a simultaneously existing albuminuria, Michel an athe- 
romatous degeneration of the carotid, should be regarded as the cause of the 
opacity of the lens. Larger statistics have not confirmed these conjectures. 
Both albuminuria and atheroma of the larger vessels have been found to be 
very frequent in old people generally, and quite as frequent in those who do 
not suffer from cataract as in cataractous patients. As little are we justified in 
believing that senile cataract occurs especially in decrepit old men. On the 
contrary, it is very often found in perfectly robust persons; and, moreover, those 
individuals who are affected with senile cataract remarkably early (in the years 
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between forty and fifty) are by no means prematurely aged in other respects. 
It hence seems as if senile cataract must be ascribed to purely local causes. In 
the process of transformation of the inner layers of the lens into nucleus (scler- 
rosis) these layers diminish somewhat in volume. Under normal conditions this 
process of shrinking is conducted so slowly and gradually that the cortical lay- 
ers are able to adapt themselves to the diminished volume of the nucleus. But, 
if the shrinking goes on with exceptional speed or irregularly, there may be 
produced undue traction and subsequent separation of those layers of the lens 
which lie between nucleus and cortex. In this situation fine fissures are formed 
in which fluid accumulates; afterward the adjacent lens-fibers themselves be- 
come opaque, and thus afford the initial impulse which leads to the opacity of 
the entire lens (Forster). 

It was formerly believed that the cause of diabetic cataract was to be looked 
for in the abstraction of water; for if a fresh, transparent lens with uninjured 
capsule is laid in a solution of sugar (or even a solution of salt), the lens becomes 
clouded, owing to the fact that the solution absorbs water from the lens with 
avidity. If the opaque lens is then put back in plain water, it again becomes 
clear. The same experiment can also be performed upon living animals. The 
blood in the vessels of a frog is replaced by a solution of sugar or salt, where- 
upon the lenses become opaque. Then, if the frog is put back again into water, 
the lenses clear up once more. Upon the basis of these experiments it was as- 
sumed that in diabetes the fluids of the eye, and particularly the aqueous, act, 
on account of the amount of sugar they contain, by withdrawing water from the 
lens, so that the latter becomes opaque. This view appeared to be confirmed 
by the fact that diabetic cataract occurs only when the amount of sugar in the 
urine is great. More recent analyses of the aqueous in diabetics have, however, 
shown that the amount of sugar contained in it is very small, much smaller than 
the amount necessary in the experiments to produce opacity of the lens. Hence, 
although it is not to be denied that the altered composition of the fluids of the 
eye is accountable for diabetic cataract, nevertheless, the action of this factor 
is not to be conceived of simply as an abstraction of water, but more compli- 
cated disturbances in the nutrition of the lens, the nature of which is not yet 
exactly known, must be supposed to exist. A form of cataract which really 
depends upon the abstraction of water is probably that which sometimes makes 
its appearance in the last stage of cholera. 

The prognosis of diabetic cataract, as far as the operation upon it is con- 
cerned, is less favorable than in senile cataracts, because in diabetes wounds 
show less tendency to heal, and, moreover, diabetes predisposes to iritis. Hence, 
if we have to operate upon a diabetic cataract, we wait until by suitable treat- 
ment the amount of sugar in the urine has been reduced to the lowest possible 
point. In diabetic cataracts which have not advanced too far sometimes a 
partial disappearance of the opacities have been observed, after a successful 
treatment of the diabetes (by the Carlsbad water-cure). These cataracts, there- 
fore, are the only ones—and they only in exceptional cases— which can be im- 
proved by medicinal treatment. - 

An interesting example of opacity of the lens, due to an altered composition 
of the nutrient fluids, is naphthalinic cataract. This is produced when napb- 
thalin is administered to rabbits. Retinitis develops first with opacities of the 
vitreous, and subsequently a cataract forms (Bouchard). Another way of pro- 
ducing cataract experimentally is to diminish the temperature of the lens by 
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laying ice upon the eye (Michel). Stein has set up opacity of the lens in young 
Guinea pigs by putting the animals in the resonator-box of a tuning-fork which 
was kept in constant vibration. After they had stayed several days in the box, 
a partial cataract developed, which afterward cleared up again spontaneously. 
In this case the cataract was probably produced by the fact that the vibrations 
of the tuning-fork caused slight, but frequently repeated, concussions of the 
lens. To concussion of a coarser sort are perhaps referable those cases of cata- 
ract developed after various sorts of convulsions. To this category belong epi- 
leptic, hysterical, and eclamptic convulsions. Lamellar cataract—which de- 
velops in children after convulsions—is also, according to Arlt, a direct conse- 
quence of concussion of the lens. Perhaps, too, the cases in which cataract 
forms in ergotism and rhaphania depend upon the convulsions which frequently 
accompany these diseases. After a stroke of lightning a development of cata- 
ract is observed which is variously referred to the concussion, to the evolution 
of heat, and lastly to the chemical (electrolytic) action of the electric spark. 
According to experimental investigations by Hess, electric shocks produce in 
animals the death of the cells of the capsular epithelium—a fact which would 
supply the reason of the formation of cataract in these cases. 

In traumatic cataract it is the rule that the opacity of the lens becomes 
total, spreading rapidly from the site of the wound in the capsule to the rest of 
the lens. Exceptionally, however, cases are observed in which the opacity of 
the lens remains partial or indeed actually disappears again. For this to occur, 
the capsule wound must be very small, so that it closes quickly and the aqueous 
has no longer access to the lens-fibers. Most favorably situated in this regard 
are those capsular wounds which lie behind the iris, by the adhesion of which to 
the wound the latter is very soon closed up. In such cases it may happen that a 
circumscribed opacity remains only at the site of injury, or, if a foreign body, has 
penetrated the lens, along the track of the wound. By resorption of the opaque 
portions the opacity itself may even in part clear up again. Sometimes, too, as 
a consequence of injury, stellate anterior or posterior cortical cataracts develop 
which may likewise remain stationary or even retrogress (see page 374). 


D. Treatment of Cataract. 


93, Every sort of medicinal treatment is ineffectual against cataract. 
An improvement of the sight may be obtained by means of atropine in 
those cases in which the opacity occupies principally the pupillary area 
of the lens. In that case, after dilatation of the pupil, the peripheral 
transparent portion of the lens can be employed for vision. 

The popular remedies and quack medicines which are alleged to 
have been of assistance in cataract are mostly such as contain bella- 
donna, and act favorably upon the sight in the way just mentioned. 
The improvement thus obtained, however, is transient, disappearing as 
soon as the peripheral layers are implicated in the opacity by the prog- 
ress of the cataract. A cure of cataract can be secured only by opera- 
tive means. ‘The indispensable prerequisite for this is that the light- 
perceiving parts (retina and optic nerves) should be healthy, a matter 
which is determined by careful testing of the light-perception (see 
§ 156). 
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The methods of operation in vogue are mainly discission and ex- 
traction. Discission is chiefly adapted for the cataracts of young peo- 
ple which do not yet contain a solid nucleus. It can be performed in 
every stage of the growth of the cataract, and hence, too, in partial 
opacities of the lens. Moreover, discission is indicated in membranous 
cataract, not to effect their absorption, which would be impossible, but 
to tear a hole in them (dilaceration). The indications for extraction 
will be given at the same time with the description of the methods for 
performing it (§§ 161, 162). If possible, it is to be performed only 
when the cataract is ripe. In immature cataracts, layers of transparent 
cortex remain adherent to the capsule, and afterward become opaque, 
so that a secondary cataract is formed. Different operative methods 
have been proposed to accelerate the process of ripening, among which 
Forster’s (iridectomy with massage of the lens, § 157) is the most 
employed. 

Cataracts which are congenital or which develop in childhood 
should be operated upon as early as possible. Children can be sub- 
jected to the operation of discission with good results at the age of a 
few weeks. If the cataract is not operated upon, the development of 
the retina is arrested and amblyopia ex anopsia is produced. Conse- 
quently, the good result of a cataract-operation that is performed at a 
later date is comparatively small as far as vision is concerned. 

In traumatic cataract our first thought should be to combat the in- 
flammation which usually follows the injury. Iced compresses are of 
the most service against this impending inflammation, and also against 
the great swelling of the wounded lens. Removal of the opaque lens 
should be performed at once only when through its own great swelling 
it is itself the cause of inflammation or of increase of tension. Other- 
wise, it is better to put off the operation until later, lest the inflamma- 
tory symptoms be aggravated or brought on anew by it. If we wait a 
long time, often a great part of the cataract is absorbed spontaneously, 
so that instead of extraction a simpler operation (discission) can be per- 
formed. So, too, in complicated cataract associated with inflammatory 
symptoms we had better await the decline of the inflammation before 
operating, unless imperative indications compel us to an earlier per- 
formance of the operation. 

An eye which has been operated upon for cataract is, in conse- 
quence of the loss of the lens (aphakia), hypermetropic to a marked 
degree, and has, moreover, lost its power of accommodation, so that 
distinct vision can be obtained only by suitable convex glasses. 


Shall we operate upon an eye affected with a mature cataract if the other 
still sees well? In the case when the beginning of the development of a cata- 
ract is already present in the second eye this question is evidently to be an- 
swered in the affirmative. To know whether we shall also operate when the 
second eye is perfectly healthy and gives us no reason to anticipate the forma- 
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tion of a cataract, we must ask what gain the patient would derive from a uni- 
lateral cataract-operation. How is vision performed with two eyes, one of 
which has its lens and the other has not ? In that case a very great difference 
exists between the refraction of the two eyes—that is, a marked degree of ani- 
sometropia. Binocular single vision is still possible, but the images are never 
sharp and distinct in both eyes at the same time. The plan that naturally sug- 
gests itself of correcting the aphakic eye by a corresponding convex glass, and 
thus making both eyes alike, proves to be impracticable (see § 150); but, though 
the patient is not able to use the operated eye for distinct vision at the same 
time with the other, he yet derives from it the advantage of an enlargement of the 
field of vision. In one-eyed people the field of vision for the single eye is lim- 
ited toward one side by the nose, while the man who sees with two eyes has a 
binocular field of vision which stretches very far toward both sides. An eye 
which has been operated upon for cataract furthermore, even though it never 
wears a proper convex glass, nevertheless retains all its functional capacity, so 
that it can at once take the place of the other eye in case that should become 
unserviceable. It is, therefore, a reserve for the future. If we had left the 
cataract with the idea of not operating upon it until something had happened 
to the other eye, we might perhaps be obliged to operate upon a very hyperma- 
ture cataract under unfavorable conditions. 

Historical,—Cataract was already well known to the ancient Greek and 
Roman physicians. On account of the gray appearance of the pupil, they de- 
noted it by the name of glaucoma, which word in the course of time has 
changed its meaning. The ancients also knew the operation for cataract, which 
they performed by depressing the opaque lens into the vitreous by means of a 
needle (depressio cataracte). Nevertheless, they had an erroneous conception of 
the nature of the disease, in that they located the opacity not in but in front 
of the lens. This latter body, bright as crystal, the most obvious thing when 
the eyeball is opened, was considered by the ancients to be the true seat of 
vision, the percipient organ, such as now we know the retina to be. According 
to this view, the loss of the lens would necessarily entail complete blindness ; 
but since the ancients knew that in the operation for cataract the opacity is re- 
moved from the pupil, and nevertheless the sight is not lost, but, on the contrary, 
is restored, they could not consistently regard the opacity as located in the lens. 
They thought the opacity which they depressed into the vitreous was situated 
in front of the lens. They believed that it originated from the pouring out of 
an opaque liquid between the iris and lens, and hence they called cataract hypo- 
chyma (v7, beneath, and yé, I pour) or suffusio, suffusion. Since it was im- 
agined that the opaque liquid fell down from above in front of the lens, the 
name cataracta (cataract), which still is usually employed, came into use in 
the middle ages. The German word ‘‘ Staar” is likewise very old. The ex- 
pression staraplint (Staarblind) occurs as early as the eighth century. It means 
really eyes which are starr (rigid)—i. e., fail to follow objects because they do 
not see them. Cataract is known as ‘‘ grauer Staar,” on account of the gray 
color of the pupil, to distinguish it from ‘‘schwarzer Staar ’—i. e., those varie- 
ties of blindness in which the pupil remains black (blindness due to disease of 
the fundus of the eye). ‘‘Griiner Staar” is glaucoma. 

Our knowledge as to the true nature of cataract dates from the beginning 
of the last century. Even before this one or two savants, like Mariotte and 
Boerhaave, recognized the real situation of the opacity, without their doctrines, 
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however, obtaining general acceptance. In the year 1705, Brisseau, a French 
surgeon, had the opportunity of performing an autopsy upon the body of a 
soldier who had a mature cataract in his eye. Brisseau performed depression 
of the cataract upon the cadaver and then opened the eye, when he found that 
the opacity which he had depressed into the vitreous was the lens. He laid his 
observations, together with the éonclusions drawn from them, before the French 
Academy, but obtained no credence. The Academy confuted him by holding 
up the doctrines of Galen in regard to cataract. It was not till three years 
later, when new proofs had been brought, that the Academy recognized the 
new doctrine, which soon found general acceptance. 


II. CHANGES OF POSITION OF THE LENS. 


94, Changes of position of the lens always have their anatomical 
cause in changes of the zonula of Zinn. This in the normal eye is 
tightly stretched, and holds the lens so firmly that the latter remains 
perfectly immovable even with the most violent motions of the head. 
Hence, any tremor of the lens, and still more any displacement of it 
from its natural position, presuppose a relaxation of the firmness of 
this attachment. Such a relaxation can take place either from a simple 
elongation and loosening of the fibers of the zonula, or from their com- 
plete destruction. Changes of this sort may affect either single spots 
or the entire circumference of the zonula. 

The objective symptoms of a change of position differ according as 
the lens is only displaced a little (subluxation), or has left its place in. 
the fossa patellaris altogether (luxation). 

(a2) Subluxation may consist in the lens being placed a little ob- 
liquely, so that one edge of it looks somewhat forward, the opposite 
one somewhat backward. This is recognized from the unequal depth 
of the anterior chamber. Another sort of subluxation is produced by 
lateral displacement of the lens, so that it no longer lies in the center 
of the fossa patellaris. In this case, too, the anterior chamber is un- 
equally deep. If, for example, the lens is somewhat depressed, the 
anterior chamber would be found to be deeper in its upper half, shal- 
lower below (Fig. 82). Besides, when the pupil is dilated (and, if the 
displacement is marked, without this) we can see the edge of the lens. 
This, in the example above selected of depression of the lens, would 
run transversely across the pupil forming an, arch, which is convex 
upward. That part of the pupil which is situated above it and which 
has no lens (Fig. 82, @) would be a deep black, while the lower part (/) 
which contains the lens would be of a delicate gray. This arises from 
the fact that even the most transparent lens reflects some light. Really, 
therefore, the normal pupil is not perfectly black, but of a very dark 
gray—a fact which one can convince himself of in those cases in which, 
through displacement of the lens, one part of the pupil is aphakic, and 
therefore is of a pure black. 
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In both cases—that is, both in obliquity and in lateral displacement 
of the lens, conditions which are often combined—there occurs in 
movements of the eye tremor of the inadequately attached lens and 
with the lens of the iris also (iridodonesis). 

(b) Luzation of the lens consists in its leaving the fossa patellaris 
altogether, either by prolapsing into the anterior chamber or by reced- 
ing into the vitreous. 

A lens luxated into the anterior chamber is readily recognizable 
from its shape. This is more convex than usual because the lens is no 
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The lens has sunk so far downward that its upper edge is visible in the pupil. In consequence 
of the relaxation of the zonula, it is much bulged out, and is in contact by its lower border 
with the ciliary processes ; moreover, the lower half of the iris is pressed forward by it. 
Above, on the contrary, the anterior chamber, through recession of the iris, is abnormally 
deep. Of the beam of rays emitted by the luminous point 0, a portion goes through the 
aphakic part, a, of the pupil; these rays, on account of the absence of the lens, are insuffi- 
ciently refracted, so that they come to a focus behind the retina at f, and form upon the 
retina a diffusion-circle. b. That portion of the beam passing through the section, 7, of 
the pupil, which contains the lens, undergoes excessive refraction on account of the increased 
convexity of the lens, so that the rays intersect in front of the retina at f, and form upon the 
retina a diffusion-circle, b,. This latter gets to lie below the fovea centralis (and below 
the diffusion-circle b), because all rays passing through the lens undergo a deviation down- 
ward on account of the prismatic action of the latter. Thus two images of the point o are 
produced upon the retina (monocular diplopia). 


longer kept flat by the tense zonula. It therefore assumes its maximum 
conyexity, as it does upon the strongest effort of accommodation. If 
the lens is transparent, its edge appears like a curved line of golden 
luster, so that it looks as if a great drop of oil were lying in the 
anterior chamber. The anterior chamber is deeper, especially below, 
where the iris is pressed backward by the lens. 

Luxation of the lens into the vitreous occurs more frequently than 
luxation into the anterior chamber. The anterior chamber then is deep 
because of the recession of the iris, which is tremulous. The pupil is 
of a pure black. The lens itself, if opaque, may sometimes be recog- 
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nized deep down even with the naked eye; in most cases, however, the 
ophthalmoscope is required in order to discover it. It is either attached 
to some spot of the fundus by means of exudate, or it floats about freely 
in the vitreous (cataracta natans). 

Every dislocation of the lens entails a considerable disturbance of 
vision. If the lens still lies within the pupillary area, the eye becomes 
very myopic, because the lens assumes its maximum convexity on account 
of the relaxation of the zonula. Added to this is a considerable degree 
of astigmatism, arising from the fact that the lens, either from lying 
obliquely or being laterally displaced, refracts the light with unequal 
strength in the different meridians (regular astigmatism) ; or the re- 
fractive power may even vary in different sections of the same meridian 
(irregular astigmatism). The astigmatism attains its maximum when 
the lens is so greatly displaced that its edge is visible in the pupil, the 
latter thus consisting of a portion which does, and of one which does 
not, contain the lens. In such a case, moreover, double vision—monoc- 
ular diplopia—is present; for the marginal portions of the lens act like 
a prism, whose refracting edge corresponds to the equator of the lens. 
By reason of this, the rays passing through the lens are deviated, so 
that two images (4 and 0,, Fig. 82) of one object (0) are formed upon 
the retina. Neither of these is distinct. The image (4) produced by 
the aphakic portion of the pupil corresponds to that formed by a very 
hypermetropic eye, and would require a convex lens to make it dis- 
tinct. The image (d,) appertaining to that part of the pupil which 
contains the lens is that of a myopic eye, and could be made distinct by 
means of a concave lens. Furthermore, disturbance of vision may be 
produced by the development of opacity in the subluxated lens. 

In luxation of the lens into the vitreous the eye acts like an apha- 
kic one, and, if no further complications are present, see well with the 
correcting convex glasses. Indeed, in the old method of cataract-opera- 
tion by depression, there was actually a luxation of the lens into the 
vitreous, designedly produced. 

Dislocations of the lens usually entail secondary consequences which 
may be extremely disastrous to the eye. Subluxations often in time 
change into complete luxations, the vibrating lens constantly pulling 
upon the zonula and gradually causing it to atrophy. While subluxated 
lens often remain transparent for a long time, luxated lens usually soon 
become opaque. Often, to be sure, dislocated lens are opaque to start 
with, this being particularly the case in spontaneous luxations. The 
worst complications are those arising from the implication of the uvea. 
The latter is so irritated by the dislocated lens pushing and striking 
against it that irido-cyclitis develops, and this may even give rise to a 
sympathetic affection of the other eye. Increase of tension (secondary 
glaucoma) also frequently makes its appearance in consequence of dis- 
location of the lens. The most dangerous form is luxation of the lens 
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into the anterior chamber. In this case the cornea becomes opaque 
wherever the lens is applied to its posterior surface, and the eye, for 
the most part, undergoes speedy destruction through irido-cyclitis or 
increase of tension. On the other hand, luxation of the lens into the 
vitreous is the form best tolerated, especially if the lens, as time goes 
on, becomes smaller through resorption. In fact, in the depression of 
cataract, one used to count upon this tolerance of the eye toward the 
lens when depressed into the vitreous. 

With respect to etiology a distinction is made between congenital 
and acquired dislocations of the lens. 

(a) Congenital dislocations consist in a lateral displacement (sub- 
luxation) of the lens, which is known as ectopia lentis. The displace- 
ment is caused by the fact that the zonula is of unequal width in dif- 
ferent directions. Most frequently the lens is found to be displaced 
upward, the fibers of the zonula being shortest above, longest below. 
For the most part, too, the volume of the lens is somewhat smaller. In 
after-years the ectopia usually increases, and even passes over into a 
condition of total luxation. Ectopia of the lens is ordinarily present 
in both eyes and symmetrically in both. Very often it is of heredi- 
tary origin. 

(5) The acquired dislocations of the lens develop either as the re- 
sult of trauma or spontaneously. Zrawmatic dislocations are princi- 
pally caused by contusion of the eyeball (for the mechanism of the 
luxation, see page 302). Every variety of subluxation and luxation 
may be thus produced, according as the zonula is simply torn into or is 
entirely torn through. If the tunics of the eye are ruptured, the lens 
may even be expelled entirely from the eye. Among traumatic luxa- 
tions in the more extended sense of the word may be reckoned those 
which develop when perforation of a corneal ulcer takes place very 
rapidly; in this case if the perforation is only large enough, the lens 
may even be discharged through it externally. Spontaneous disloca- 
tions take their origin from a gradual softening and disintegration of 
the zonula. ‘The lens then owing to its weight sinks gradually deeper 
and deeper, and at length undergoes complete prolapse into the vitre- 
ous. The atrophy of the zonula occurs as a result of liquefaction of 
the vitreous in myopia of high degree and in chorioiditis. Again, the 
shrinking of a hypermature cataract may cause stretching of the zonula 
with consequent atrophy of it, and thus give rise to spontaneous dislo- 
cation of the lens, so that the sight which has been abrogated by the 
cataract is restored without an operation. If for any reason the zonula 
is already atrophic, the final impulse leading to total luxation is fre- 
quently afforded by a very insignificant traumatism—in fact, even by 
bending over, sneezing, etc. 

Treatment in those cases in which the dislocation of the lens entails 
no further injurious consequences besides the disturbance of vision, 
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consists in the prescribing of suitable glasses. In those cases in which 
the symptoms of irido-cyclitis or of secondary glaucoma are caused by 
the displacement of the lens, extraction of the latter, if feasible, is indi- 
cated. Extraction is most readily performed in luxation of the lens 
into the anterior chamber} in this case, too, it is absolutely necessary, 
since otherwise the eye is lost. In subluxation, the removal of the lens 
is often difficult or even miscarries altogether, because prolapse of the 
vitreous occurs on account of the defective structure of the zonula. 
The extraction of a lens floating in the vitreous is impossible. In 
cases in which the removal of the lens is difficult or impossible, we may 
try to combat the inflammation or the increase in tension by means of 
an iridectomy, which in the case of the subluxation of the lens is made 
at the spot at which the iris has been pressed forward by the lens and 
thus irritated. If an eye which is already blind is the seat of inflam- 
mation and pain due to luxation of the lens, enucleation is the best 
means of relieving the pain and averting the danger of sympathetic 
affection of the other eye. 


A transparent, luxated lens looks differently, according as we regard it by 
reflected or transmitted light. By reflected light the lens appears of a delicate 
gray, and its edge has a golden luster, almost as if it were a luminous body— 
that is, the rays of light which, coming from in front, enter the marginal pur- 
tions of the lens, undergo total reflection at the posterior surface of the latter: 
for at this spot they pass from a denser medium (the lens) into a rarer medium 
(the vitreous), and hence are refracted away from the normal of incidence; but 
as, at the edge of the lens, they fall upon the posterior lenticular surface very. 
obliquely, they undergo total reflection. They accordingly do not continue 
their course into the interior of the eye, but return to the observer, who there- 
fore sees the edge of the lens shine. By transmitted light—in examining with 
the ophthalmoscope—the edge of the lens for the same reason appears black, 
because the rays which come back from the fundus to the lens are, at a point 
corresponding to the edge of the latter, thrown back again into the eye by total 
reflection. 

If the lens has prolapsed into the anterior chamber, it produces through 
irritation of the iris a spasm of the sphincter iridis. The pupil consequently 
contracts, so that the return of the lens into the posterior chamber is cut off. 
It may even happen that on account of this spasm the lens is held tight at the 
moment when it is endeavoring to make its way through the pupil into the an- 
terior chamber. The lens is then jammed in the pupil, and consequently violent 
symptoms of irritation are at once set up; but there are also cases in which the 
lens can slip through the pupil so easily that it is found sometimes in front of, 
sometimes behind, the iris. Sometimes the patient is able to produce this 
change of place voluntarily. He can bring the lens into the anterior chamber 
by bending his head forward and shaking it, while to bring the lens back again 
behind the iris he has to lie upon his back. In this case, of course, we are 
always dealing with lenses of diminished diameter, which can pass through the 
pupil without difficulty. In many instances such movable lenses are still at- 
tached to the zonula, which is then greatly elongated. If in such a case we were 
obliged to extract the lens, we would first bring it into the anterior chamber by 
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the appropriate maneuvre. Then if we cause tle pupil to contract behind the 
lens by employing a miotic, we have, as it were, imprisoned the lens in the an- 
terior chamber, and will be able under ordinary circumstances to remove it with 
eevse. To be sure, these cases in which the lens shows such a great capacity 
for making excursions belong to the rare exceptions. The rule is, that a lens 
luxated into the anterior chamber stays there, and, in consequence of the vio- 
lent inflammation which it excites, becomes attached by exudates to the cornea 
and iris. The former becomes opaque wherever the lens touches it, and may 
also ulcerate in the same spot; ultimately the eye is destroyed by irido-cyclitis 
with subsequent atrophy. In other cases the increase in tension, which almost 
always sets in, leads to ectasia of the sclera in its anterior portion or to a general 
enlargement of the eyeball. 

The disturbance of vision which develops in subluxation of the lens, so far 
as it consists of myopia and regular astigmatism, can be corrected by glasses, 
but the irregular astigmatism can not be. If the dislocation of the lens is so 
great that a part of the pupil is aphakic, we have the choice of correcting either 
the aphakic portion of the pupil with a convex glass or the portion of the pupil 
that contains the lens with a concave glass. We recommend to the patient the 
form of correction which gives the better visual acuity. Sometimes, for the 
sake of better correction, it is indicated to enlarge the aphakic portion of the 
pupil by an iridectomy, and so make the eye like one destitute of a lens. 

Spontaneous dislocation of the lens not infrequently occurs in ectasie either 
of the eyeball as a whole or of its anterior seegments—hence in hydrophthalmus, 
in staphylomata of the cornea, and in anterior staphylomata of the sclera. The 
luxation takes place because, as a result of the bulging out of the wall of the 
eyeball, the space between the edge of the lens and the ciliary body becomes 
enlarged, so that the zonula is stretched and finally atrophies. It may even 
happen that the lens has become adherent to a corneal cicatrix, so as to be more 
and more obliquely placed as the cicatrix expands. So, too, the lens is some- 
times drawn out of its place by exudates in the vitreous, which attach them- 
selves to its posterior surface and afterward shrink. Lastly, the dislocation of 
the lens due to tumors (gliomata and sarcomata) pressing upon it may be also 
mentioned in this connection. 

By lenticonus is meant a rare, usually congenital, anomaly of the lens, which 
presents a conical prominence upon its anterior (in extremely rare cases upon its 
posterior) surface. 


CHAPTER IX. 
DISEASES OF THE VITREOUS. 


ANATOMY. 


95, THE vitreous (corpus vitreum) is a transparent, colorless, gelat- 
inous mass which fills the posterior cavity of the eye. On its anterior 
aspect it has a depression (the fossa patellaris), in which rests the pos- 
terior surface of the lens. By its other aspects the vitreous is applied 
to the ciliary body, the retina, and the optic nerve. 

The vitreous consists of a clear liquid substance inclosed in the 
meshes of an equally transparent reticulum—the framework of the 
vitreous. It is traversed from behind forward by a canal, its central 
canal (canalis hyaloideus, canalis Cloqueti), which begins at the papilla 
of the optic nerve and extends to the posterior pole of the lens. Dur- 
ing foetal life the hyaloid artery runs in it; in the fully developed eye 
it probably serves as a lymph-channel (see page 250). The vitreous 
contains cells, the cells of the vitreous, which have a varying (round or 
branched) shape, and are found particularly in its outer layers. They 
are to be regarded as emigrated white blood-corpuscles which have 
traveled into the vitreous (Schwalbe). The external envelope of the 
vitreous is formed by the structureless hyaloid membrane. Considered 
from the point of view of its development, the vitreous is to be regarded 
as a sort of watery—so to speak, dropsical—connective tissue. It is only 
in the foetus that it has vessels, from which afterward the retinal ves- 
sels are formed (see Fig. 56). In the fully developed eye the vitreous 
is destitute of vessels, and hence is dependent for its nutrition upon the 
surrounding tissues, principally the uvea. Accordingly, affections of 
the inner membranes of the eye, such as retinitis and chorioiditis, 
always result in an implication of the vitreous. 


DISEASES OF THE VITREOUS. 


1. Opacities—These are sometimes small and sharply circum- 
scribed, sometimes of large size. The former, which make their ap- 
pearance under the form of dots, flocculi, threads, or membranes, are 
what are called opacities of the vitreous in the narrower sense (opact- 
tates corporis vitrei). The patient himself perceives them entoptically, 
seeing black specks of various shape (musce volitantes) floating before 
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his eyes (myodesopsia)*. In addition, there is a diminution of the 
visual acuity, which is the more pronounced the larger the opacities are. 

The cause of opacities of the vitreous are generally exudates depos- 
ited there in the course of inflammations of the uvea or retina; but 
hemorrhages, taking place from these membranes into the vitreous, 
either spontaneously or as the result of injuries, may also give rise to 
opacities of the latter. 

The prognosis depends upon the size and the age of the opacities. 
Recent opacities of the vitreous may be absorbed, so that the vitreous 
becomes perfectly clear again. Old opacities, on the contrary, usually 
resist all treatment. As regards extravasations of blood, the smaller ones 
may be completely absorbed, but large-sized ones always leave consider- 
able and permanent opacities. 

The treatment, which is successful only in recent cases, consists in 
the employment of remedies which accelerate absorption. Among these 
are potassium iodide or other remedies containing iodine, mercury, dia- 
phoretics (pilocarpine or salicylate of sodium), and mild purgatives. 
Of the last named, saline purgatives, especially the saline mineral 
waters—e. g., of the Kreuzbrunnen of Marienbad—are particularly em- 
ployed. Repeated paracentesis of the anterior chamber may also be of 
service by stimulating the tissue-metamorphosis of the eye. 

Large-sized exudates which sometimes fill the vitreous are either 
of plastic or purulent nature, and are found in irido-cyclitis, chorioidi- 
tis, and panophthalmitis. They may be seen, if the media are other- 
wise clear enough, by lateral illumination under the form of gray or 
yellowish masses situated behind the lens. The plastic exudates be- 
come organized, shrink up, and thus lead to atrophy of the eyeball, 
while the purulent exudates are for the most part evacuated externally, 
after perforating the sclera, and terminate in phthisis bulbi. 

2. Liquefaction of the Vitreous (Synchisis+ Corporis Vitrei).— 
When observing opacities of the vitreous with the ophthalmoscope, we 
see that most of them float about freely in the vitreous. It follows from 
this that the framework of the vitreous must have been destroyed, so 
that this body itself is converted into a perfectly liquid mass. In opera- 
tions we often have an opportunity of directly convincing ourselves of 
the liquefaction of the vitreous, which we see flowing out under the 
form of a tenacious, usually yellow-colored liquid. Instead of the vitre- 
ous being liquefied itself, it may present an accumulation of fluid wpon 
its surface by which it is forced away from the retina. This is most 
frequently the case in the most anterior and posterior divisions of the 
vitreous (anterior and posterior detachment of the vitreous ; see v and 
h, Fig. 150). Liquefaction and detachment of the vitreous, like opaci- 


* From uvia, a fly, and és, vision; hence properly written myiodesopsia, 
{ From ovy, together, and xéw, I pour. 
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ties, are always the result of disease of the adjacent membranes, which 
are concerned in maintaining the nutrition of the vitreous—that is, 
they are found in retinitis, chorioiditis, myopia of high degree, ete. 

The most important consequence of liquefaction of the vitreous con- 
sists in the gradual diminution in volume, which the altered vitreous may 
undergo, an occurrence which manifests itself in a diminished tension 
of the eye. In such cases, detachment of the retina and afterward even 
atrophy of the eyeball may supervene. Another consequence of the 
liquefaction is one which concerns the zonula, which becomes softened 
and atrophic. By this a tremulous condition of the lens, and later on 
even its spontaneous dislocation are produced. 

3. Foreign Bodies in the Vitreous.—These usually excite violent 
inflammation—irido-cyclitis or panophthalmitis—by which the eye is 
destroyed. In exceptional cases it happens that a foreign bedy is tol- 
erated, so that it may be seen for years, either free or enveloped in an 
exudate, within the otherwise clear vitreous. ‘To be sure, even in these 
cases inflammation may set in, even after a long time has elapsed, and 
destroy the eye. Foreign bodies which have but recently entered the 
vitreous we try to remove as soon as possible. The chief ones that 
afford a prospect of doing this successfully are splinters of iron, since 
magnets may be employed for their removal (see page 227), while the 
removal of other foreign bodies is usually effected only by a happy 
accident. If violent inflammation has already set in, there is usually 
nothing left to do but to perform enucleation to avert a sympathetic 
affection. 

Among foreign bodies in the broader sense may also be reckoned 
lenses luxated into the vitreous and also the cysticercus, both of which, 
like foreign bodies in the proper meaning of the word, give rise to severe 
inflammation. The cysticercus may be removed by a section made in 
the sclera. If this is not done in season, or if it is not successfully 
performed, the eye is gradually destroyed by irido-cyclitis, and eventu- 
ally has to be enucleated on account of the constantly occurring inflam- 
matory attacks and of the danger of sympathetic inflammation. 

Under normal conditions the hyaloid artery is no longer present even in the 
eye of the new-born infant. In exceptional cases, however, remains of it may 
persist during life. These present themselves usually under the form of a gray 
filament, which stretches from the papilla out into the vitreous, and may even 
reach up to the posterior pole of the lens. Posterior polar cataract occurs in 
connection with it. In many animals—e. g., in the frog and in many snakes 
and fishes—the vessels of the vitreous persist during life. 

The embryonic vitreous contains a great abundance of cells, and is hence 
opaque. The cells afterward disappear, but opaque remnants of them remain 
in the vitreous, and may be perceived entoptically as muscw volituntes. These 
physiological opacities of the vitreous appear under the form of transparent fila- 
ments or of strings of pearls or of small flocculi, which move not only with the 
eye, but also spontaneously. We see this very readily 1f we look suddenly upward 
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and then hold the eye still, when the opacities sink slowly down. They are thus 
distinguished from the entoptic images which are produced by opacities in the 
lens, as these always remain in the same place in the field of view. Physiological 
musce volitantes are not at all obvious, so that most men are not aware of their ex- 
istence in their eyes. To perceive them we look at a uniformly illuminated surface 
—for instance, the sky. They are usually better perceived by myopic eyes. As 
soon as such muscex volitantes become so distinct as to continually force them- 
selves upon the attention and to become troublesome to the patient, they excite 
the suspicion of their being pathological opacities of the vitreous. To discover 
them the ophthalmoscope is used. If we are dealing with faint opacities, we have 
to employ the mirror of weak illumination, and also often artificial dilatation of 
the pupil. Seen with the ophthalmoscope, opacities of the vitreous appear like 
dark dots or filaments or membranes floating about in the vitreous. Very minute 
opacities afford the picture of an extremely fine stippling of the vitreous (‘‘ vitre- 
ous dust”). If the opacities are still more minute, they can no longer be perceived 
as discrete points; nothing but a uniform obscuretion of the fundus is observed 
(diffuse opacity of the vitreous). The more numerous the opacities are the more 
hazy the fundus appears, the pupil at the same time looking redder than usual (as 
any bright background appears red behind a cloudy medium—e. g., the rising 
sun on a cloudy morning). With very dense opacities, nothing is got with the 
ophthalmoscope but a feeble red reflection from the pupil, or the latter may 
even be perfectly dark. 

A particular variety of opacities of the vitreous is formed by cholesterin erys- 
tals. Their smooth surfaces reflect the light so strongly that when seen with 
the ophthalmoscope they look like golden spangles floating about in the vitre- 
ous, or like a shower of gold falling to the bottom (synchisis scintillans). These 
crystals are sometimes found in eyes that are otherwise healthy (especially in 
elderly people), without causing any essential disturbance of vision. 

Opacities of the vitreous are exudates which, so far as they do not undergo 
resorption, become organized into membranes, cords, or even pretty large masses 
of connective tissue. In this way a new formation of blood-vessels may even 
take place, which run from the retinal vessels into the vitreous, and can be ap- 
preciated there by means of the ophthalmoscope. Exudates in the vitreous do 
not originate in the latter itself, but from an inflammation of the membranes 
(uvea and retina) surrounding it. The disturbance of vision which is set up by 
a recent cyclitis, chorioiditis, or retinitis, is in large part attributable to the 
opacity of the vitreous, which exists at the same time. Primary inflammation 
(hyalitis) of the vitreous, which not only is devoid of vessels, but also contains 
scarcely any cellular elements, can be assumed to exist in only a very few cases 
—e. g., when a small foreign body is situated in the midst of the vitreous, and 
there becomes the center of a focus of inflammation. 

Opacities also form as the result of hemorrhages into the vitreous. These 
occur after injuries and also spontaneously in chorioiditis, retinitis, and myopia 
of high degree, and, furthermore, are not infrequent in old people with athe- 
romatous vessels. Sometimes, too, in eyes which are otherwise healthy hemor- 
rhages into the vitreous are observed, which appear spontaneously, recur repeat- 
edly, and permeate the vitreous so thoroughly that even quantitative perception 
of light is abrogated. This affection is observed chiefly in young men, some- 
times in conjunction with frequent ettacks of epistaxis. A cause for the re- 
peated hemorrhages is usually not discoverable. If the hemorrhages recur 
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frequently, the vitreous never clears up again perfectly, but masses of connective 
tissue ultimately form in it, so that the sight remains seriously and permanently 
affected. 

The disturbance of vision caused by opacities of the vitreous is regulated by 
their total amount. Isolated flocculi in the vitreous may coexist with nor- 
mal visual acuity. When the dpacities are numerous, the statement is often 
made by the patients that their sight shows great variations within short periods 
of time. This fact is also noticed when tests of the vision are made. While at 
first the patient, when placed before the card with the test-types, does not 
begin to see the large letters, he can sometimes distinguish even the small let- 
ters after he has had his gaze fixed upon them for a pretty long time. Then all 
at once he sees much worse again. This comes from the mobility of the opaci- 
ties, which, when the gaze is kept steadily fixed for a long time. sink to the 
bottom of the vitreous, so that the central portions of the latter become clear; 
then any great movement of the eye stirs them up again. 

The entozoa occurring in the vitreous are the Filaria oculi humani and the 
Cysticercus cellulose. Of the former but very few cases have so far been known. 
The cysticercus, too, is not frequent; while in some countries, especially in North 
Germany, it is pretty often seen, in others, like Austria,* it is an extremely rare 
thing for it to be observed. The cysticercus is the scolex of the Taenia Solium. 
For a patient to acquire a cysticercus, the eggs of the tenia must have got into 
his stomach. This may take place from the fact that the patient himself har- 
bors a tenia, joints of which find their way into his stomach. Here they are 
digested and the eggs contained in them set free. Most patients, however, 
who suffer from the presence of a cysticercus do not have a tenia themselves. 
Hence, the eggs of the tenia must get into the stomach from outside along with 
the food (and most frequently with the drinking-water). In the stomach em- 
bryos develop from the eggs, having hooklets, by means of which they penc- 
trate the stomach-walls and get into the blood-vessels. The blood-current 
then carries them into different parts of the body, where they again leave the 
vessels, bore into the tissues, and there grow into cysticerci. In the eye the 
cysticercus first develops beneath the retina, detaching it from the chorioid. 
When it has reached a certain size it perforates the retina and gets into the 
vitreous; but it may also enter the vitreous directly (from the blood-vessels of 
the chorioid). 


* And America.—D.] 


CHAPTER, X. 


DISEASES OF THE RETINA. 


ANATOMY AND PHYSIOLOGY. 


96. THE retina is a thin membrane which in the living eye is per- 
fectly transparent and of a purplish-red color. This latter depends 
upon the visual purple contained in the rods (Boll). After death the 
retina becomes very rapidly opaque, and, as at the same time the visual 
purple is bleached out under the influence of light, the retina in the 
eye of a cadaver appears under the form of a white, very frail mem- 
brane. In the living retina, too, pathological changes manifest them- 
selves at once by a loss of transparency, just as is also the case with the 
other transparent tissues like the cornea, lens, and vitreous. Thanks to 
this property, we discover even minute alterations in these organs very 
early. 

There are two points that are particularly prominent in the retina 
when insitu. One is a small white disk, which lies to the inner side of 
the posterior pole of the eye, and from which the vessels of the retina 
emanate; this is the point of entrance or head of the optic nerve, the 
papilla nervi optict. The second spot occupies precisely the posterior 
pole of the eye, and is distinguished by its delicate yellow color. It is 
hence called the yellow spot, the macula lutea. In its center is found 
a small depression, the fovea of the retina, or fovea centralis (f, Fig. 
48). If we try to lift the retina from the subjacent chorioid by means 
of a forceps, we see that it is connected with its bed only at two places. 
One of these is the head of the optic nerve, the other is the anterior 
border of the retina. The latter is formed by a zigzag line, and hence 
bears the name of the ora serrata (o 0, Fig. 48). ‘The same line also 
corresponds to the boundary between the chorioid and ciliary body, 
and extends farther forward on the nasal than on the temporal side. 
Except at the two spots just named, the retina everywhere simply lies 
upon the chorioid without being attached to it. 

A histological examination of the retina shows that it arises from 
the optic nerve, the fibers of which spread out in all directions and 
form the innermost layer of the retina, the fiber-layer. From this lat- 
ter the fibers pass through the different layers of the retina as far as its 
external surface, where they end in the rods and cones. The stratum 
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of rods and cones, therefore, being the termination of the optic-nerve 
fibers, is the light-perceiving layer of the retina. In order that the 
rays of light should get to it, they must pass through all the other lay- 
ers, which are placed in front of it. Vision, therefore, can be perfect 
only when these layers are absolutely transparent, so that light under- 
goes regular refraction on its way to the most posterior (most external) 
layers. All opacities of the retina consequently affect the sight, even 
though the terminal percipient elements may be perfectly healthy. 

With regard to the minute structure of the retina, which is very 
complicated, reference must be made to the text-books of anatomy and 
histology. It need only be mentioned here that the retina is composed 
of two kinds of tissue, the nervous tissue and the supporting tissue. 
The function of the latter is to maintain and support the extremely 
delicate nervous tissue in the proper position. The relative proportion 
of the two tissues changes in inflammation and particularly in atrophy 
of the retina, the nervous elements being destroyed while the support- 
ing tissue becomes increased in quantity, so that the retina ultimately 
consists entirely of the latter. 

The depression at the site of the fovea centralis arises from a thin- 
ning of the retina, the inner layers of the latter being here entirely ab- 
sent. Furthermore, the retinal fovea is also distinguished by the fact 
that the most external layer here and also in the entire region of the 
yellow spot consists only of cones. ‘The rods do not begin until at the 
border of the macula lutea, and as we pass toward the ora serrata, grow 
more and more numerous, while the number of cones diminishes in like 
proportion. 

The membrane here described—the retina, in the narrower sense of 
the word—develops from the inner layer of the secondary ophthalmic 
vesicle (page 265 and Fig. 55 B,r). From the outer layer of the vesicle 
(Fig. 55 p) is developed the pigment-epithelium (page 246), which 
therefore must, on embryological grounds, be counted in with the retina 
(in the wider sense of the term). It lies upon the chorioid at the outer 
side of the retina, and, because it remains behind when the retina is re- 
moved from the chorioid, was formerly regarded as belonging to the 
latter. The connection between the retina and pigment-epithelium 
consists in the fact that the cells of the latter send minute ciliform pro- 
cesses in between the rods and cones; in these processes lie the minute 
erystals of the brown retinal pigment. 

The cessation of the retina at the ora serrata is apparent only; the 
microscope shows that under a simpler form it extends still farther, 
even up to the edge of the pupil. It therefore lines the inner surface 
of the ciliary body and the posterior surface of the iris. The portion 
of the retina lying upon the ciliary body is called the pars ciliaris re- 
tine. In the area occupied by this portion, the external layer of the 
retina, or pigment-epithelium (Fig. 47, pe), is more darkly pigmented, 
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so that this division of the interior of the'éye is characterized by a par- 
ticularly dark color (or, Fig. 48). The inner layer of the retina—the 
continuation of the retina, in the narrower sense of the word—is here 
reduced to a single stratum of cylindrical cells (pe, Fig. 47). At the 
spot where the two layers of the retina pass over upon the iris, the dif- 
ference between them becomes even less marked than before, since now 
the cells of the inner layer too are filled with pigment-granules. Thus 
the two layers in conjunction form a uniformly pigmented stratum, 
which, as the pars iridica retine (retinal pigment-layer of the iris), 
covers the posterior surface of the iris up to the margin of the pupil, 
about which the two layers turn and then unite (see page 237). 

The retina has its own system of blood-vessels, which is almost 
entirely separate from the adjoining system of ciliary vessels. It is 
formed by an expansion of the arteria and vena centralis neryi optici, 
which break up into branches in the cptic papilla. ‘These branches 
subdivide in the retina as far as the ora serrata without anastomosing 
together (see Fig. 52, a,a, and b, 6,; Fig. 5 represents the branching of 
vessels in the retina as seen with the ophthalmoscope). At the papilla 
alone, minute communications exist between the retinal and the ciliary 
vessels (see page 252). The retinal arteries are hence to be regarded as 
terminal arteries (Cohnheim). Consequently, disturbances of circula- 
tion in the retina, arising from contraction or plugging of a vessel, can 
not be compensated for by means of a collateral circulation. 

Within the retina, the vessels lie only in the inner layers, so that 
the external layers of the retina are non-vascular, and are hence in part 
dependent for their nutrition upon the neighboring chorio-capillaris. 
This is particularly true of the fovea centralis, within the confines of 
which the retina contains no vessels at all. 

Function of the Retina.—The objects of the outer world throw their 
images upon the retina. It is the function of the latter to convert the 
rays of light, of which the images are composed, into nervous stimuli. 
What takes place, accordingly, is a transformation of one sort of motion 
—the vibrations of the luminous ether—into another, namely nervous 
excitation. ‘This is without doubt simply another sort of motion of 
such a nature as to be transmissible within the nerve-fibers to the brain, 
a property which is not possessed by the vibrations of the luminous 
ether. The place in which the conversion of luminous vibrations into 
nerve-excitation occurs is the rods and cones. In what way this con- 
version takes place is not known, but we do know that a part of the 
vis viva, which the luminous vibrations represent, is used up in the pro- 
duction of chemical and physical changes, which we are able to follow. 
The chemical changes consist in the transformation of the visual pur- 
ple, contained in the rods and which was discovered by Boll, into a 
colorless substance by the action of light (Kithne). It is very probable 
that besides the visual purple still other “visual substances ”—i. e., 
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substances which undergo chemical changes under the influence of 
light—exist in the retina, but that such changes are not accompanied 
by alterations of color, and have accordingly thus far escaped discovery. 
The physical changes partly consist in an increase in the strength of 
the electric current which normally passes from the retina to the brain 
(Holmgren), partly are motile phenomena of a less subtle sort, which 
we perceive both in the cells of the pigment-epithelium and in the rods 
and cones. In the cells of the pigment-epithelium, the pigment-gran- 
ules, when the eye is in the dark—that is, in a condition of rest—lie in 
the most posterior part of the cell close to the nucleus; but if light 
impinges upon the retina, these granules push their way forward into 
the ciliform processes which extend between the rods and cones. In 
the rods and cones themselves, a process of contraction combined with 
shortening takes place under the influence of light. 

The part of the retina that is the most completely equipped for 
vision is the fovea centralis. Within it the terminal elements, which 
here are exclusively cones, are more densely set than in any other por- 
tion of the retina. Each one of them here has probably a special nerve- 
fiber all to itself, which connects it with the brain, while in the pe- 
ripheral parts of the retina it is always the case that several terminal 
organs are conjointly continuous with one single nerve-fiber. Thus the 
fovea centralis becomes that part of the retina which has the most deli- 
cate perception. And so, when we wish to get an exact perception of 
an object, we place our eyes in such a position that the image falls upon 
the fovea; we “fix” the object. 


J. INFLAMMATION OF THE RETINA. 


97. The retina is often the seat of disturbances of circulation, such 
as anemia and hyperemia, which latter frequently gives rise to hemor- 
rhages into it. The most extreme degrees of disturbance of circulation 
occur in consequence of embolism of the central artery and thrombosis 
of the central vein. In both cases the affected eye is made blind. 

Inflammation of the retina (retinitis) is characterized first of all by 
a diffused cloudiness of the organ. The cloudiness varies very greatty 
in intensity, although in general it is greatest in the vicinity of the pa- 
pilla, because here the retina is thickest. Consequently, the outlines of 
the papilla become indistinct and the vessels in the retina hazy. In 
addition, circumscribed exudates occur in the retina, usually under the 
form of brilliant-wHite, sharply defined macule. Retinitis is always 
associated with hyperemia of the retina, evidenced by distention and 
tortuosity of the vessels, and often also by extravasations of blood. By 
the passage of the exudate from the retina into the vitreous, opacities 
of the latter organ are produced. 

The function of the retina is impaired in proportion to the intensity 
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and extent of the inflammation. © In the' lightest cases vision may be 
normal, so that the patients complain simply of the presence of a light- 
colored cloud before their eyes. But for the most part vision is very 
considerably reduced, both because of the changes in the retina itself 
and because of the accompanying opacities in the vitreous. Circum- 
scribed exudates cause fixed scotomata in the field of vision. 

The course of retinitis is always pretty sluggish. It is only in the 
lightest cases that the inflammation abates completely within a few 
weeks, and then the visual acuity may once more become perfectly nor- 
mal. But for the most part it takes several months for all the inflam- 
matory symptoms to disappear from the retina, while the sight remains 
permanently impaired. Severe and, more particularly, recurrent inflam- 
mations of the retina lead to atrophy of it, pigmentation frequently 
occurring at the same time (through migration of pigment from the 
pigment-epithelium). When atrophy of the retina has once made its 
appearance, the sight is always abolished, either completely or all except 
a small remnant, and its restoration is no longer possible. 

In the etiology of retinitis, general affections play the principal part. 
Retinitis appears but rarely as a local lesion, most often as the symptom 
of an internal disease, which is often first discovered by means of it. 
In such cases the inflammation of the retina is usually bilateral. Ac- 
cording to their etiology, the following varieties of retinitis are dis- 
tinguished : 

1. Retinitis Albuminurica.—This often gives such a characteristic 
picture that from it alone the diagnosis of albuminuria can be made. 
The most characteristic appearance is a sort of stellate crown which is 
composed of brilliant-white spots and has the macula lutea as its cen- 
tral point. Every form of kidney-disease which results in albuminuria 
may be complicated with retinitis, but the one most frequently so com- 
plicated is the atrophic kidney. The violence of the retinitis bears no 
fixed proportion to the intensity of the kidney-disease nor to the quan- 
tity of albumin in the urine. The like is true of the subsequent course; 
the retinitis may improve while the lesion of the kidney increases, or 
vice versa. 

2. Retinitis Leucemica.—In leukemia a striking phenomenon be- 
sides the symptoms of retinitis is the light-yellow color of the fundus 
which in the normal eye is red. This is caused by the lighter color 
of the leukemic blood which circulates in the vessels of the cho- 
rioid. 

3. Retinitis diabetica is a pretty rare complication of diabetes (thus 
offering a contrast to cataracta diabetica, which so frequently accom- 
panies diabetes). Retinitis has also been observed several times in 
oxaluria. 

4. Retinitis Syphilitica.—Syphilis is one of the most frequent 
causes of inflammation of the retina. Syphilitic retinitis occurs both 
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alone and also very frequently in conjunction with a syphilitic iritis. 
It affords a good prognosis, in so far that it is very amenable to an ener- 
getic anti-syphilitic treatment. But yet it displays a very great tend- 
ency to recur, so that in many cases, in spite of proper treatment, 
partial or complete blindness supervenes. 

5. Retinitis Hemorrhagica.—By this is meant a form of retinitis 
which is associated with very abundant hemorrhages into the retina, 
and is probably referable to an affection of the retinal vessels. It fre- 
quently becomes complicated later on with glaucoma (glaucoma hemor- 
rhagicum; see page 359). 

6. Retinitis Idiopathica.—Under this name are grouped all those 
cases of retinitis which either have a purely local cause (e. g., dazzling 
by excess of light) or occur without known cause. There is no doubt 
that many of these cases will by and by show themselves to be among 
those which are caused by a disease in some other part of the body. 

The treatment must be directed both against the causal lesion and 
against the local affection of the retina as well. The first indication is 
most readily fulfilled in cases of syphilitic retinitis, where an energetic 
treatment by inunction in most cases results in rapid improvement. 
The symptomatic treatment consists in the prevention of all injury to 
the eye by keeping the patient from any kind of work and by protect- 
ing the eye from too bright light either through the use of dark glasses 
or in severe cases by confinement in a darkened room. When the over- 
distention of the retina with blood is very great, blood-letting in the 
region of the mastoid process is indicated (see page 318). ‘To combat 
the inflammation, and also to cause resorption of the exudate and res- 
toration of the transparency of the vitreous, mercury, potassium iodide 
(both remedies being used in non-syphilitic as well as in syphilitic 
cases), saline purgatives, and diaphoretic treatment are employed. 


Before we go more minutely into the subject of pathological changes in the 
retina, we must make ourselves acquainted with a congenital anomaly which by 
the inexperienced is frequently considered pathological, This is the presence 
of medullated nerve-fibers in the fiber-layer of the retina. The normal retina is 
perfectly transparent, because the optic-nerve fibers lose their medullary sub- 
stance before passing through the lamina cribrosa, and hence when inside of 
the retina itself are transparent; but in exceptional cases after passing through 
the lamina cribrosa they regain their medullary substance through more or less 
of their extent. (In many animals—e. g., in rabbits—this is the rule.) Since 
the medullated fibers are opaque, there is found in these places a brilliant-white 
spot which terminates at the edge of the papilla and splits up at the periphery 
into white fibers, so as to have a flame-like look. The retinal vessels are in 
places covered by the masses of white fibers. 

Hyperemia of the retina may be either of arterial or of venous nature. The 
former accompanies all inflammations of the retina and also of the neighboring 
tissues, particularly the uvea, and is characterized by a quite pronounced dis- 
tention and tortuosity of the arteries. Venous hyperemia manifests itself by 
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dilatation and great tortuosity of the veins, while the arteries are often thinner 
than usual. It is produced by congestion in the veins consequent upon their 
compression. ‘The compression is mostly located in the optic papilla, as in the 
case of glaucoma, where the increased intra-ocular tension squeezes the veins into 
the excavated papilla, or in the case of optic neuritis, in which the swelling of 
the papilla compresses the veins. Venous hyperemia also occurs as one of the 
symptoms of a general venous congestion, particularly in diseases of the heart. 

Hyperemia of the retina leads to the production of hemorrhages into its 
substance. Extravasations of blood into the retina are frequently found on ex- 
amination, and occur in all sorts of sizes and shapes. Extravasations situated in 
the fiber-layer of the retina have striate or flame-like shapes, because the exuded 
blood spreads along the fibers. Heemorrhages situated im the deeper layers of 
the retina or between it and the chorioid are of rounded or irregular shape. 
The extravasations are most frequently located in the neighborhood of the larger 
vascular trunks. The causes of retinal heemorrhages are— 

1. General fragility of the walls of the vessels. This is found very fre- 
quently in old people with atheromatous vessels, particularly if they have a 
heart-lesion at the same time. In such cases the retinal hemorrhages are not 
infrequently the precursors of cerebral apoplexy. 

2. Local disease of the retinal vessels or of the adjacent vessels of the 
chorioid. Under this head must be reckoned those hemorrhages which occur 
so frequently in excessively myopic eyes in the region of the yellowspot. With 
the occurrence of such a hemorrhage central vision is often permanently de- 
stroyed. 

3. Overdistention of the blood-vessels by circulatory disturbances, such as 
active and passive hyperemia of the retina and embolism of the central artery 
or thrombosis of the central vein or of their branches. In new-born infants 
retinal hemorrhages are frequently found as a consequence of the disturbances 
of circulation which cccur within a child’s skull during the act of birth. In 
this category, furthermore, belong the retinal hamorrhages which very fre- 
quently take place in glaucomatous eyes as a result of iridectomy. Moreover, 
the varieties of retinal hemorrhage adduced under the next head may in part 
be caused by stoppage of the smaller vessels—e. g., the hemorrhages in sepsis 
by emboli composed of masses of fungi. 

4, An altered character of the blood making its influence felt upon the 
walls of the vessels. Under this head belong retinal hemorrhages in extreme 
anemia, particularly in pernicious anemia, in leukemia, scurvy, purpura, sep- 
sis, albuminuria, diabetes, oxaluria, intermittent fever, relapsing fever, poison- 
ing by phosphorus, extensive burns of the skin, etc. 

5. Rupture of the blood-vessels due to trauma. 

Retinal hemorrhages undergo resorption very slowly, requiring weeks and 
months, during which they are frequently seen to take on a white color. They 
ultimately disappear without leaving a trace of their presence or they leave de- 
colorized whitish, rarely pigmented, spots in the fundus. Whether a scotoma 
is left at the affected spot or not depends upon the degree to which the hemor- 
rhage has lacerated the tissue of the retina. 

Embolism of the central artery was first observed by Von Graefe. The patient 
is made aware of his disorder by sudden and complete blindness, which appears 
at once upon the obliteration of the artery. If immediately afterward an ex- 
amination is made with the ophthalmoscope, the signs of an extreme arterial 
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anemia of the retina are found. The larger arteries are narrowed down to thin 
filaments, the smaller ones have become invisible. The veins, on the other 
hand, are not markedly contracted except upon the papilla itself; the latter 
appears paler. Within a short time, often within a few hours, the retina, be- 
coming dead, loses its transparency. It becomes of an opaque milky white, 
most markedly so in the vicinity of the papilla and also within the confines of 
the yellow spot. At a point corresponding to the latter a vivid red spot stands 
out upon the cloudy-white background. There has been much discussion as to 
whether this is a hemorrhage, or is caused by the fact that in the region of the 
fovea centralis the red chorioid is seen through the clouded retina because the 
latter is thinnest in this spot—the red of the chorioid being supposed to appear 
particularly pronounced from contrast with the clouded white tissues surround- 
ing it. I have repeatedly convinced myself that both explanations are true. I 
saw this particularly well marked in one case in which several bright-red recent 
hemorrhages were placed alongside of the dark-red spot that was due to the 
effect of contrast. 

Later on, the cloudiness of the retina vanishes; it regains its transparency, 
but becomes perfectly atrophic. The optic papilla has grown whiter, the blood- 
vessels both upon the papilla and in the retina are few, thin, and filamentous. 
The blindness persists and is permanent. 

Instead of affecting the central artery, the embolism may affect only a branch 
of it. In that case the visible alterations are limited to that portion of the 
retina which draws its blood-supply from the obliterated vessel. The blindness, 
too, corresponds then simply to the part of the retina that is diseased—that is, 
appears under the form of a defect in the visual field, one half of the latter or a 
sector of it being destroyed. 

Embolism occurs in all those disorders which give rise to the entrance of 
clots into the circulation, and most of all in affections of the heart. The possi- 
bility of a cure exists only in very recent cases, before the death of the retina 
has taken place. The retina might then regain its function if we could succeed 
in restoring the circulation in it. The only way in which this can be accom- 
plished is for us to try to drive the plug lodged in the central artery on into its 
smaller branches, where it will do less harm. With this object in view, we 
evacuate the aqueous by paracentesis of the cornea. In consequence of the 
sudden diminution of intra-ocular tension thus produced, the blood tends to 
flow into the eye in increased quantity, and may thus push the embolus forward 
if it is not too tightly fixed in its position, In addition, we try to favor the 
washing away of the embolus by performing massage of the eye. In this way 
it has been possible to restore the circulation in the retina, and with it the sight 
in some few cases, in which the lesion was still very recent. 

What is known clinically under the name of embolism of the retinal arteries 
corresponds to those cases in which there are no infected emboli in question ; 
hence, no inflammation occurs, but only the results of the mechanical cutting off 
of the blood-supply. The retina, being no longer nourished, simply dies. It 
does not indeed become necrotic, because it still obtains a supply of nourish- 
ment from the adjacent chorio-capillaris of the chorioid, although this does not 
suffice to keep up the function of the retina. But infectious emboli also may get 
into the retinal arteries, as sometimes happens in pyemia. Then a suppurative 
retinitis develops, the suppuration from which extends to the other structures 
of the eyeball, so that the clinical picture of panophthalmitis is produced. 
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These cases accordingly run a course just like that of metastatic chorioiditis (see 
page 319). 

The ophthalmoscopic picture of embolism is the expression of changes which 
set in when the supply of arterial blood is cut off from the retina. It is hence 
not confined to embolism of the central artery, but is found in occlusion of it in 
general, due to other causes as well. Among these causes belong thrombosis 
of the artery, also compression of it within the trunk of the optic nerve conse- 
quent upon hemorrhage or inflammatory infiltration in the latter, and, finally, 
a solution of the continuity of the artery occurring when the optic nerve is cut 
or torn through in front of the point where the central vessels enter it. 

Thrombosis of the central vein, which was first anatomically demonstrated 
by Michel, is characterized by the circumstance that all the retinal veins are 
enormously distended with blood, while the arteries are so attenuated as to be 
scarcely discoverable. The blood escapes from the turgid veins at many spots, 
so that the entire fundus is covered with hemorrhages, These continually 
recur anew, and with their recurrence the sight which from the start has been 
greatly reduced is at length utterly destroyed. Like embolism, thrombosis, 
too, may be confined to a branch of the central vein, in which case also the 
changes in the fundus are present only in that district of the retina which cor- 
responds to the region of distribution of the occluded vein. 

Thrombosis of the central vein occurs for the most part in elderly persons 
suffering from a cardiac affection or from atheroma of the vessels; but an 
inflammation in the orbit may also lead to thrombosis of the central vein, 
probably through the development in the orbital veins of thromboses, which 
subsequently extend into the central vein. In this way cases of blindness are 
sometimes produced in the course of facial erysipelas. The erysipelatous in- 
flammation of the skin has a tendency to penetrate in spots into the deeper 
parts, and there set up either infiltrations or phlegmons. Hence, abscesses of 
the lids, abscesses in the orbit, and, through transmission to the brain, even 
purulent meningitis, are observed as sequels of facial erysipelas. If, then, a 
case of erysipelas is complicated with inflammation of the cellular tissue of the 
orbit, it is sometimes found, after the erysipelas has run its course and the 
swelling of the lids has abated, that the eye is blind. The ophthalmoscope 
shows atrophy of the optic nerve with extreme attenuation of the blood-vessels. 
According to an observation of Knapp’s, we are dealing in this case with a 
thrombosis of the central vein, consequent upon the inflammation of the retro- 
bulbar cellular tissue. The blindness that is due to erysipelas may affect both 
eyes. 

Anemia of the retina may either develop suddenly or gradually. Its sudden 
development may take place as a result of occlusion of the vessels (hence, above 
all, in embolism of the central artery) or through their compression, as in the 
case of sudden increase of tension. Spasm of the retinal arteries also occurs, 
particularly in acute poisoning by quinine—that is, in cases in which large doses 
of quinine have been administered, sudden blindness (and usually deafness, too) 
sometimes supervene. The blindness abates again, but a certain degree of en- 
feeblement of sight, and more particularly a contraction of the field of vision, 
generally remain. Ophthalmoscopically, we find pallor of the optic nerve, and 
as a special feature a very great attenuation of the retinal vessels. Much more 
frequent than acute aneemia of the retina is that form of anemia which sets in 
gradually as a consequence of retinal atrophy. The vessels of the retina then 
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become gradually attenuated, and may ultimately be transformed into white 
strands empty of blood or may vanish altogether. 

In retinitis the inflammation frequently passes over to the optic papilla, 
and, on the other hand, an inflammation of the latter may extend far into the 
retina. In both cases we speak of newro-retinitis, the etiology of which, there- 
fore, is the same as that of retinitis and neuritis. Inflammation may also extend 
from the chorioid to the retina, so that the latter presents distinct ophthalmo- 
scopic signs of inflammation. These cases are denoted by the special name of 
retino-chorioiditis (chorio-retinitis), although it must be maintained, for the 
present at least, that in every case of chorioiditis an implication of the portions 
of the retina immediately adjacent can be made out. 

Among the inflammations of the retina, retinitis alvuminurica is the one best 
characterized. In addition to the general signs of retinitis, such as haziness of 
the retina and of the outline of the papilla, distention of the retinal arteries, 
and hemorrhages, it is particularly distinguished by the white patches in the 
fundus, whose pure white, often silvery, appearance depends upon fatty degen- 
eration of the retinal elements and of the cells of the exudate. The white spots 
are found chiefly in two places—in a certain area surrounding the papilla and 
in the macula lutea. In the former situation they not infrequently form a zone 
of spots, which is usually interrupted at a point corresponding to the macula 
lutea. The latter, on the other hand, is occupied by small white stipplings 
radially disposed, so that a pretty, stellate figure is formed with the fovea cen- 
tralis at its center. Very often the star is incomplete, the rays being fully 
formed only on certain sides of it. Even then, however, the picture is always 
characteristic enough for us to be able from it alone to deduce the presence of 
an affection of the kidney; but cases of retinitis albuminurica also occur which 
are distinguished by no special features, so that the etiology is determined only 
by the examination of the urine. Such an examination should therefore be 
made in every case of retinitis. 

The connection between the kidney-lesion and the retinitis seems to consist 
in the development of a disease of the walls of the vessels in the retina in con- 
sequence of the altered composition of the blood, a disease which results in in- 
flammation and degeneration of the retina itself (Duke Karl Theodor).  Reti- 
nitis albuminurica is of evil prognostic significance, since the patients suffering 
from it usually succumb in a short time (as a rule, within less than a year) to 
the disease of the kidney. 

In nephritis disturbance of vision may also occur under the form of a transi- 
tory blindness without any retinitis being present. The patient declares that 
everything suddenly becomes dark before his eyes; the disturbance of sight in- 
creases so quickly that the blindness gets to be complete within a few hours or 
aday. After one or more days the sight is gradually restored. Simultaneously 
with the attack of visual disturbance other nervous symptoms exist, such as 
headache, vomiting, dyspnoea, loss of consciousness, and convulsions in short, 
the symptoms of uremia. The blindness is therefore known as wramic amauro- 
sis, The fact that the reaction of the pupil to light is in most cases preserved 
in spite of the complete blindness proves that the location of the affection can 
not be in the eye or in the optic nerve, but higher up—that is, in the brain, 
which is poisoned by the excretory matters contained in the blood. Uremic 
amaurosis is distinguished from the disturbance of vision due to retinitis albu- 
minurica partly by the negative result of ophthalmoscopic examination, partly 
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by the course. Uremic amaurosis sets in suddenly and is complete, while in 
retinitis albuminurica the sight is gradually reduced and is seldom annihilated 
entirely. The blindness, however, is permanent, while the blindness due to 
uremia again gives place to normal vision, provided the patient does not suc- 
cumb to the uremic attack. Of course, the possibility of a ureemic amaurosis 
occurring in a patient already suffering from retinitis is not excluded. 

Retinitis due to dazzling is produced most frequently by looking at the sun. 
It is particularly observed after eclipses of the sun in people who have tried to 
follow them with glasses that have not been blackened sufficiently or with the 
naked eye. I have also seen it produced after gazing too long at the electric 
arc-light. The ophthalmoscope shows pigment changes in the macula lutea, 
upon which the image of the sun has been cast. Corresponding to this spot 
there exists a central scotoma, which for the most part remains permanently. 
We must not confound with the retinitis due to dazzling that variety of inflam- 
mation of the eyes which is produced by the action of snow (snow-blindness) or 
by the electric arc-light. This, in addition to transitory symptoms of dazzling, 
consists mainly in a violent conjunctivitis (see page 102). 

In retinitis there is sometimes a new formation of blood-vessels which grow 
out from the retina into the vitreous. In rare cases an abundant and very vas- 
cular tissue develops in this way from the retina and projects out into the vitre- 
ous (retinitis proliferans [Manz}). It appears that the determining cause for 
this is sometimes found in extensive hemorrhages into the retina and vitreous. 


IJ. ATROPHY OF THE RETINA. 


98. Atropy of the retina is the result of its protracted inflammation, 
or is the final outcome of an embolism or a thrombosis of the retinal 
vessels. Atrophy is characterized most of all by the stenosis of the reti- 
nal vessels, which in severe cases may amount to complete obliteration, 
so that the vessels are either transformed into white strands or have be- 
come altogether invisible. The retina may look otherwise unchanged 
and transparent, or it may bear traces of the antecedent inflammation. 
In every case the signs of a secondary atrophy can be made out upon 
the papilla as well; its outline is indistinct and it is of a pale, dirty-gray 
color (retinitic atrophy of the papilla). 

A special variety of atrophy which runs a very chronic course is the 
pigmentary degeneration of the retina (also salled retinitis pigmentosa). 
This is marked by such characteristic subjective symptoms that the 
diagnosis can almost be made from them alone. The persons affected 
with this disease, even when still young, complain that they see worse 
whenever the illumination is reduced, and particularly at night (he- 
meralopia). ‘This state of things increases with the age, so that finally 
the patients are no longer able to go about alone at night, while in the 
daytime they still see quite well. The cause of this phenomenon is 
disclosed by the examination of the field of vision. In the beginning 
of the disease the field of vision, when taken under good illumination, 
proves to be nearly normal, while, when the illumination is reduced, it 
appears very much contracted. We must conclude from this that the 
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peripheral portions of the retina are under-sensitive, so that under good 
illumination they still perform their function but do not react to weaker 
stimuli, such as feebly illuminated images afford. Later on, the field 
of vision shows itself so contracted, even under full illumination, that 
the capacity of orientation suffers, and the patient can scarcely guide 
himself alone even in daytime. At the same time direct vision may 
still be so good that the patient is able to do fine work. Finally, cen- 
tral vision too is lost, so that complete blindness supervenes. ‘This or- 
dinarily is not the case until late in the sixth decade or later. 

Ophthalmoscopic examination shows, as the most prominent symp- 
tom of the disease, the presence of small black spots in the retina 
(“spotted retina”). ‘These are of branched shape, so that they have 
been compared to bone-corpuscles or spiders; they are connected with 
one another by their processes, and occur especially along the blood- 
vessels. In the beginning of the disease they occupy only the most 
anterior portion (periphery) of the fundus; as time goes on, new spots 
keep forming farther and farther back, until at length they reach the 
macula lutea and the papilla. In the same ratio the signs of atrophy 
of the retina and the papilla become steadily more distinct and more 
prominent. Accordingly, what takes place isa gradual degeneration of 
the retina associated with a migration of pigment from the pigment- 
epithelium. The degeneration begins at the periphery and advances 
toward the center. In the same way, too, the retina gradually loses its 
function; the affected portions of it at first are simply less sensitive 
than before, being still stimulated to action by a pretty strong light ; 
later on they become completely insensitive. 

The disease attacks both eyes. It develops in childhood, and would 
seem to be congenital in many cases, although it usually is not discoy- 
ered until some time after birth. Inheritance plays a great part in its 
production ; retinitis pigmentosa occurs frequently in brothers and sis- 
ters, and also in several successive generations. The female members 
of the family are less frequently affected than the males. It is often 
found at the same time with other congenital anomalies, like deafness, 
mental weakness, hare-lip, or supernumerary fingers or toes, or with 
malformations of the eye, with persistent hyaloid artery, posterior polar 
cataract, ete. After it has lasted a pretty long time, posterior cortical 
cataract usually develops. In almost a third of the cases the disease 
occurs in individuals descended from consanguineous parents. Herein 
apparently lies the explanation of the fact that pigmentary degenera- 
tion of the retina is so frequently associated with other congenital 
anomalies, since these latter also occur as a result of the consanguinity 
of the parents. 

Treatment is powerless against pigmentary degeneration of the retina, 
and the prognosis, therefore, is bad, since complete blindness inevitably 
supervenes—though not, to be sure, until after the lapse of many years. 
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The black spots in pigmentary degeneration’ of the retina are not always 
like bone-corpuscles, but sometimes are also rounded or irregular, like the black 
spots in chorioiditis. Their characteristic distinguishing mark lies not so much 
in their shape as in their situation, which must be assigned to the retina. This 
is recognized from the fact that the retinal vessels, wherever they run by the 
black spots, are covered by them; hence, the spots must lie in front of the ves- 
sels—i. e., in the inner layers of the retina. (In the case of pigment-spots in 
the chorioid we can distinctly follow the retinal vessels in their course over the 
spots.) Spots of pigment in the retina are not, however, limited to pigmentary 
degeneration of the latter; on the contrary, the migration of pigment into the 
retina may take place ultimately in every case of retino-chorioiditis. This is 
particularly the case in syphilitic retino-chorioiditis, in which the pigment in 
the retina can, moreover, assume the bone-corpuscle shape, so that a picture 
quite similar to that of pigmentary degeneration may be produced (Forster). 
In chorioiditis, however, there are also usually present atrophic changes (white 
spots) in the chorioid, which are wanting in retinitis pigmentosa. Neverthe- 
less, there are cases in which the diagnosis is very difficult, and can only be 
made with the aid of the previous history and the careful testing of the func- 
tion. 

Not only is pigmentation of the retina not confined to pigmentary degenera- 
tion of this part, but, on the other hand, such degeneration is not necessarily 
associated with the presence of pigment. There are cases of what are called 
retinitis pigmentosa without pigment, in which the retinal degeneration takes 
place in a manner otherwise typical, but without the migration of pigment into 
the retina. 

For treatment in pigmentary degeneration of the retina we may try potas- 
sium iodide, hypodermic injections of strychnine, the constant current, diapho- 
resis, and the like. We do this more for the satisfaction of the patient than 
anything else, for, although we do sometimes obtain an improvement of the 
sight, it is only a transient one. 

The anatomical changes found in inflammation and in atrophy of the retina 
are as follows: 

In inflammation the signs of inflammatory cedema exist, or those of a cel- 
lular infiltration due to extravasated white blood-corpuscles. The changes at 
the same time observed in the retina itself are: 1. Fatty degeneration both of 
the nervous elements and of the supporting tissue of the retina, 2. Thickening 
(sclerosis), especially in the nerve-fibers of the fiber-layer. Both the changes 
mentioned constitute the principal cause of the brilliant-white spots occurring 
in many cases of retinitis (particularly in retinitis albuminurica). 3. Hyper- 
trophy of the supporting tissue, which becomes the more prominent in propor- 
tion as the inflammation passes over into atrophy. 4. Thickening of the walls 
(sclerosis) of the blood-vessels, leading to the contraction of their lumen or even 
to their obliteration. 5. The migration of pigment-cells from the pigment-epi- 
thelium into the retina, where they may undergo spontaneous multiplication. 

When, after protracted inflammation the retina has become perfectly 
atrophic, it consists of a reticulum which is derived from the supporting tis- 
sue and which contains pigment-cells, but from which the nervous elements 
have disappeared without leaving a trace of their presence. The blood-vessels 
are in great part obliterated and converted into solid strands of connective 
tissue. 
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III. DeTacHMENT oF THE RETINA. 


99. Detachment of the retina (adlatio sive amotio reting) can be 
recognized from the following ophthalmoscopic changes: At the spot 
where the retina is detached from its bed it has lost its transparency ; 
consequently, we do not see in this situation the red background which 
corresponds to the chorioid, but a delicate gray membrane which rises 
above the level of the normal fundus and projects forward into the 
vitreous. It is recognized to be the retina by the fact that the retinal 
vessels can be followed from the papilla out into the membrane. At 
spots corresponding to the folds of the detached retina these vessels 
show sharp bends, and in some places are even entirely concealed from 
view. If, as is generally the case, fluid is found beneath the detached 
retina, the latter forms numerous folds, which shake tremulously with 
the movements of the eye; i.e., the retina undulates. But if the retina 
is lifted out of place by a solid body—e. g.,a neoplasm—the folds and 
the tremulousness are absent; the detachment forms a sharply defined 
prominence, rising steeply from the fundus. 

Externally the eye looks normal, only the anterior chamber is often 
strikingly deep and the tension is also diminished. 

The detachment of the retina is at first partial—i. e., is confined to 
one portion of the retina. It may develop at any spot whatever of the 
retina, but usually (in case it is caused by fluid) changes its place after- 
ward, for, as the sub-retinal fluid sinks on account of its weight, it 
depresses the detachment gradually to the lower part of the eye; hence 
detachments of the retina are most frequently found low down, al- 
though their original situation may very often have been at a different 
spot in the fundus. 

Every detachment of the retina has a tendency to enlarge and 
finally become total. In the latter case we find the retina pushed for- 
ward as a whole, and connected with its bed at two points only—at the 
papilla and at the ora serrata. Then the detached retina forms a 
plaited funnel, beginning at the papilla and opening out in front, a 
shape which Arlt has well compared to that of the flower of a convol- 
vulus (see Figs. 62 and 69). ne 

The subjective symptoms of detachment of the retina consist in the 
disturbance of vision which it causes. This is characterized most of all by 
a limitation of the field of vision, which is often perceived as a positive 
phenomenon by the patient. A dark cloud lies over a part of the field of 
vision, corresponding in location to the detached portion of the retina, 
which has partially or entirely lost its sensitiveness to light. Tf, as 1s 
so frequently the case, the detachment lies below, the patient complains 
of a dark curtain which veils from him the upper parts of objects. For 
instance, he does not see the head of a man standing in front of him. 
Hence, the examination of the field of vision is of great importance for 
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the diagnosis of detachment of the retina: : Direct vision is preserved as 
long as the detachment has not yet extended to the site of the macula 
lutea. In total detachment there is absolute blindness. 

Etiology.—The retina simply lies upon the chorioid without being 
connected with it anywhere except at the papilla and the ora serrata. 
In the dissected eye it can be lifted from its bed with the greatest ease. 
In the living eye the retina is kept pressed against the chorioid by the 
vitreous. A detachment of the retina, therefore, is possible only when 
either the pressure exerted by the vitreous ceases to act, or when the 
retina is pushed from its bed by a force greater than this pressure. 

(a) The former variety of detachment occurs when through disease 
of the vitreous the pressure exerted by it is diminished or becomes ab- 
solutely negative—i. e., is converted into a traction. ‘his occurs: 1. 
When a pretty large quantity of vitreous has escaped, in the case of in- 
juries or of operations; 2. When shrinking of the vitreous is produced 
on account of some disease of it. ‘The most frequent cases of this sort 
are those in which the formation of exudates has taken place in the 
vitreous in irido-cyclitis or irido-chorioiditis. When these exudates 
become organized and shrink they draw the retina, to whose surface 
they are attached in places, away from the chorioid. This form of de- 
tachment, it is true, can not be seen with the ophthalmoscope, but can 
be readily diagnosticated by means of the softening of the eyeball and 
the contraction of the field of vision. The form of detachment. of the 
retina that is visible with the ophthalmoscope, and which occurs with- 
out any antecedent inflammation, is most frequently found in connec- 
tion with high degrees of myopia. In this case it is a fibrillary degen- 
eration of the vitreous which must be regarded as the cause of the 
detachment. A similar fibrillary condition of the vitreous, which is 
dependent upon senile changes, is probably at the bottom of that vari- 
ety of retinal detachment which sometimes occurs in elderly persons 
without any other cause. 

(2) Much less frequent are those cases in which the separation takes 
place in consequence of an active propulsion of the retina away from 
the chorioid. The causes of such a propulsion are: 1. An acute pro- 
cess of exudation from the chorioid, as occurs in purulent chorioiditis 
and in phlegmons in'the orbit. 2. Hemorrhage from the chorioidal 
vessels, whether spontaneous or due to injury. 3. Tumors of the 
chorioid or of the retina, and also a cysticercus developing beneath the 
retina. 

The treatment in those forms of detachment which are caused by 
an exudation of fluid beneath the retina must seek to secure the re- 
sorption of the sub-retinal fluid. This is accomplished by diaphoresis 
(for producing which we make use of hypodermic injections of pilo- 
carpine and sodium salicylate), by mild purgatives, by preparations 
containing iodine, and also by a pressure-bandage applied with moder- 
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ate firmness; at the same time the patient should keep to his bed. 
This treatment must be kept up for several weeks at least. When these 
remedies have failed us, or when from the start we are dealing with a 
saccate detachment produced by the copious exudation of fluid, we 
may try to evacuate the sub-retinal fluid by puncture of the sclera (see 
§ 155). The puncture is made at the spot where the detachment is 
most pronounced, for which purpose the site and extent of the detach- 
ment must have been precisely determined beforehand with the aid of 
the ophthalmoscope. Only as much fluid is allowed to escape as will 
flow off spontaneously. After the operation, the patient should keep 
his bed for from one to several weeks, with a light pressure-bandage on 
the eye. By these methods of treatment it is generally possible in re- 
cent and not too extensive cases of separation of the retina to obtain an 
improvement of the sight by partial reattachment of the retina, and in 
especially favorable cases even to cause the detachment to disappear 
completely. Unfortunately, it is only in the rarest cases that these good 
results are lasting. Asa rule, after some time the separation develops 
anew, and ultimately in spite of all our therapeutic endeavors becomes 
total, so that the prognosis of retinal detachments in general must be 
characterized as very unfavorable. The cause of the recurrences lies 
in the fact that no treatment is able to do away with the lesion which 
usually lies at the bottom of the trouble—namely, the shrinking of the 
vitreous, by which the freshly attached retina is constantly withdrawn 
aguin from its bed. In inveterate cases or in total detachment of the 
retina, we had better abstain from any form of treatment. 

In total detachment of the retina, cataract usually develops later 
on, the eye becomes soft, and a slight degree of atrophy of the eyeball 
supervenes. Moreover, a sluggish form of iritis is not infrequent in 
eyes with detachment of the retina. 

When the retina is detached by means of a neoplasm, enucleation 
of the eye must be performed. <A cysticercus occurring beneath the 
retina, may be extracted by an incision into the sclera, and the eye may 
thus be preserved in a condition serviceable for vision. 

One of the most important ophthalmoscopic symptoms of separation of the 
retina is the prominence of the detached portions as compared with the rest of 
the fundus. In the area of the detachment, therefore, a high degree of hyper- 
metropia exists, from which we can calculate, by determining the refraction with 
the erect image, how far the retina is pushed forward. Not infrequently it lies 
so close behind the lens that it can actually be seen by lateral illumination when 
the pupil is dilated; a gray membrane, with the characteristic retinal vessels, 
being recognized deep down in the eye. ve 

In detachment of the retina from the chorioid, the pigment-epithelium re- 
mains in its place upon the latter. The retina, accordingly, has a light, rather 
transparent gray color and a dull luster; this, with the way in which it is thrown 
into folds and undulates, suggests the comparison to a gray silk or satin fabric. 
If some blood is mixed with the sub-retinal serum, the color of the detachment 
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acquires a greenish tinge. After it has been detached some time, the retina 
becomes entirely atrophic and at the same time once more transparent. The 
retinal vessels over the area of the detachment are characterized not only by 
their marked tortuosity, but also by their darker color. 

The recognition of a detachment is not infrequently made difficult or im- 
possible by turbidity of the media, and most often of the vitreous or lens. In 
this case the diagnosis must be based mainly upon two factors—upon the field 
of vision and the intra-ocular tension. If the former is found to be contracted, 
and at the same time the tension is reduced, detachment of the retina is usually 
present—as, for example, happens in old cases of irido-cyclitis, irido-chorioi- 
ditis, and complicated cataract. The two symptoms above mentioned in these 
cases give warning that complete blindness and atrophy of the eyeball are im- 
minent. The diminished tension has its cause in the diminution of volume of 
the shrinking vitreous; the deepening of the anterior chamber must also be 
referred to the same cause, the lens then sinking backward. These two symp- 
toms, accordingly, are wanting in those cases of retinal detachment which arise 
from an active propulsion forward of the retina. This point is of particular 
importance in determining whether a detachment of the retina is of a simple 
serous nature or is caused by a neoplasm; in the first case, the tension is dimin- 
ished, in the second it is elevated (Von Graefe). 

The retina, when but recently separated, retains for some time its sensitive- 
ness to light, and, if it soon becomes reattached, may resume its function per- 
fectly. Thus there is a possibility afforded of a cure of the detachment in 
respect to function as well as in other regards. Not infrequently an apparent 
cure occurs in the course of a retinal detachment, owing to the fact that the 
detachment which has occupied the region of the macula lutea descends beneath 
it. As the macula now regains its function, the sight increases considerably, 
while the detachment still continues, although in another place. 

In the beginning of a detachment of the retina, objects frequently appear 
crooked (metamorphopsia), in consequence of the oblique position of the per- 
cipient retinal elements. Photopsia, too, is often caused by the traction upon 
the retina, and often gives the first warning of the advent of the detachment. 

Not infrequently a rent is found in the separated retina (ruptura retine). 
People were formerly disposed to look upon this as the result of the detach- 
ment, it being supposed that the delicate retina, being deprived of all support, 
was lacerated in the movements of the eye through agitation of the sub- 
retinal fluid. But, according to the investigations of Leber and Nordenson, it 
seems as though, on the contrary, the laceration of the retina preceded its sepa- 
ration. It results from the fact that the vitreous, as it shrinks, by pulling upon 
the retina, tears it; then fluid from the vitreous may pass through the rent, 
get beneath the retina, and at once detach it over quite a large area. In this 
way, moreover, the sudden development of most detachments would be ac- 
counted for. 


IV. GuioMA OF THE RETINA. 


100. Glioma is the only neoplasm which occurs in the retina. It is 
found only in children. In a case of it the patients notice that a 
bright, whitish, or golden-yellow reflex emanates from the pupil, which 
sometimes even is noticeable at a distance. For this reason the disease 
was called by Beer amaurotic cat’s-eye ; amaurotic, because the eye is 
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blind; and cat’s-eye, because it shines like cats’ eyes in the dark. If such 
an eye is examined by focal illumination, we recognize as the cause of 
the reflex a light-colored nodular mass (the degenerated retina) situ- 
ated behind the lens and covered over with minute vessels. 

The subsequent course of the glioma shows the same stages that we 
have learned to recognize in the case of chorioidal tumors (see page 324). 
In the first stage, inflammatory symptoms are absent; the disease mani- 
fests itseié only in the bright-colored reflex and the blinding of the eye. 
The second stage is characterized by the supervention of increase of 
tension. ‘The eye becomes irritated and painful, and the child begins 
to suffer. Afterward, in the third stage, the tumor grows out from the 
eye, first of all along the optic nerve, then in other places as well, par- 
ticularly through the cornea or in its vicinity. The eye at length is 
transformed into a large, ulcerated, painful, and readily bleeding mass, 
which fills the whole orbit and projects out between the lids. In the 
fourth stage the tumor spreads to remote organs. Through transfer by 
continuity it passes along the optic nerve to the brain; and by way of 
metastasis it spreads to the neighboring lymphatic glands and also to 
the most various internal organs (most frequently to the liver). The 
children finally die either from exhaustion or from the spread of the 
neoplasm to vital organs, especially the brain. ‘The course of the dis- 
ease from its very outset to its fatal termination usually extends over 
several years. 

Glioma, as a rule, attacks only one eye, although numerous bilateral 
cases have also been seen. It is found in children only, and mostly 
before the fifth year of life. Often it is observed at such an early 
age that its beginning must be regarded as taking place in foetal life. 
This, as well as the fact that several children in the same family are 
one after another affected with glioma, would argue that the cause of 
it in many cases is to be looked for in a congenital failure of develop- 
ment. 

Treatment consists in the promptest possible removal of the neo- 
plasm. So long as the growth is still confined to the eyeball, it is suf- 
ficient to enucleate the latter, in doing which we take the precaution 
to divide the optic nerve as far back as possible. In such cases we may 
hope for a permanent cure. When the tumor has perforated the eye- 
ball and is growing outside of it but is still confined to the orbit, com- 
plete removal of the neoplasm can still be attained through exenteration 
of the orbit (see §167). But in this case rapid recurrences both in 
loco and in the neighboring lymphatic glands seldom fail to occur. 
Nevertheless, even in such cases the operation is indicated, because by 
the removal of the local focus of disease the child is spared much suf- 
fering. 

From what has been said, the prognosis is favorable only when the 
operation is performed very early. 

27 
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Glioma retine (Virchow) is contposed of small cells and a soft base- 
ment substance. The cells consist of a large nucleus surrounded by a very 
scanty amount of protoplasm which in many spots possesses minute processes. 
The interstitial substance in which the cells are imbedded is half fluid, so that 
the whole tumor is of a very soft consistence. Glioma, in contradistinction to 
intra-ocular sarcomata, is never pigmented. It develops from the two granule- 
layers of the retina and mainly from the inner granule-layer. The overgrowth 
of the retina leads to its irregular thickening, and consequently to folding and 
detachment of it; but in many cases, as the annexed illustration (Fig. 83) shows, 
the detachment may for a long time 
remain confined to a small circum- 
scribed spot. Neoplasm-germs pass 
from the degenerated retina both into 
the chorioid and into the vitreous, 
where they subsequently develop 
into small independent nodules (A, 
Fig. 83). 

That a congenital morbid dis- 
position very often lies at the bottom 
of glioma is shown by the following 
interesting observation which I once 
made: A mother brought her four- 
year-old son into the clinic with a 
glioma of the right eye. According 
to her statement, this had only ex- 
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The glioma has spread over the entire extent of 


the retina. The latter on its nasal side, 7, 
has been completely consumed in the forma- 
tion of the new growth, while on the tem- 
poral side, ¢t, the external retinal layers are 
still in places preserved (at a). The pseudo- 
formation also covers the optic papilla, N, 
into the excavation of which it penetrates. 
In the anterior segment of the eyeball lie 
isolated nodules, the largest of which, k, is 
connected with the ora serrata. The ante- 
rior segment of the eyeball shows the effects 


isted for a year, but it was already 
far advanced; the eyeball, asa whole, 
was very much enlarged, and the 
pseudo-growth was growing out from 
it into the orbit. The entire orbital 
contents were removed, but never- 
theless the child died half a year 


of the increase of tension ; that is, shows on 
the nasal side the application of the root of 
the iris to the sclero-corneal junction, while 
at the point corresponding to this on the 
temporal side the precursor of a staphyloma 
intercalare can be perceived under the form 
of an excavation. b. 


afterward with brain symptoms, while 
at the same time a new tumor could 
be felt in the orbit. Some months 
afterward the mother brought the 
next child, a two-year-old boy, with 
the statement that he had been blind in the right eye since birth, although it 
was only recently that she had noticed an enlargement of the eye, This child 
likewise had a glioma of the right eye, and also died of a recurrence about a 
year after the operation had been performed. Soon afterward the woman 
brought me her last child, then only a few months old, full of fear lest this 
one, too, might be the victim of the same frightful disease, because she had 
noticed in its left eye an appearance varying from the usual. This child, how- 
ever, did not have a glioma, but a typical, congenital coloboma of the iris 
downward as well as a coloboma of the chorioid. 

The features of amauroti¢ cat’s-eye may be produced not only by glioma, 
but also by exudates into the cavity of the vitreous Such cases are often hard 
to distinguish from glioma, and are hence designated by the name of pseudo- 
glioma (see page 322). 
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INJURIES OF THE RETINA.—Ruptures of the retina occur in consequence of 
contusions of the eyeball, even without perforation of the remaining tunics of 
the eyeball; but these cases of isolated laceration of the retina are extremely 
rare. The retina is much harder to tear than the chorioid, since in ruptures of 
the latter the retina is generally found to be uninjured. Less infrequent are the 
spontaneous ruptures of the retina in detachment of the latter. 

A transient alteration of the retina after contusion of the eyeball is the 
commotio retinw, described by Berlin. This is characterized by a milk-white 
cloudiness of the retina, which occupies either the vicinity of the papilla or that 
part of the retina which corresponds to the point at which the effect of the 
blow was felt. In many cases also the spot diametrically opposite is found to 
be clovded. The clouding of the retina disappears after some days, and with 
it also disappears the disturbance of vision which it produced. Probably the 
condition in question is one of edema of the retina. 


CHAPTER XI. 
DISEASHS OF THE OPTIC NERVE. 


ANATOMY. 


101. THE optic nerve (nervus opticus) collects its fibers from the 
retina, and passes from the eye through the orbit and through the optic 
foramen into the cavity of the skull. Hence, three divisions are dis- 
tinguished in the optic nerve: (a) The intra-ocular termination, which 
is found within the sclera, (4) the orbital portion from the eyeball to 
the optic foramen, and (c) the intra-cranial portion from the optic fora- 
men to the chiasm. 

(a) Intra-ocular Division of the Optic Nerve.—To get to the retina 
from outside, the optic nerve must pierce the chorioid and sclera. The 
spot where this takes place lies a little to the inner side of the posterior 
pole of the eye (Fig. 48). The opening in the sclera through which 
the optic nerve leaves the eye is called the foramen sclerz, and properly 
presents itself under the form of a short canal; the segment of the 
optic nerve lodged in this is its intra-scleral portion. Considered more 
precisely, a complete aperture for the optic nerve exists neither in the 
sclera nor in the chorioid, but the two membranes conduct themselves 
as follows: The external lamelle of the sclera, which occupy about two 
thirds of its thickness (Fig. 84, sa), are not perforated by the optic 
nerve at all, but are reflected backward upon it to form its sheaths. 
The innermost lamelle (s?, Fig. 84) of the sclera, on the contrary, 
stretch over the foramen sclere, and are perforated by numerous open- 
ings designed for the passage of the separate bundles of optic-nerve 
fibers. Consequently, the optic nerve in this spot is traversed by 
numerous septa of tough connective tissue. The chorioid, too (ch, 
Fig. 84), stretches in a modified form transversely through the optic 
nerve. ‘Together with the inner layers of the sclera it forms the lamina 
cribrosa, which bridges over the foramen sclere, and is so called be- 
cause it is everywhere perforated by the bundles of fibers of the optic 
nerve. 

If we look at the optic-nerve entrance in longitudinal section, we 
see that at its point of entrance into the sclera it is narrowed down in 
a conical shape (Fig. 84), so that the spot corresponding to the lamina 
cribrosa is the slenderest portion of the optic nerve. This narrowing 
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of the optic nerve appears still more marked when we consider that at 
the site of the lamina cribrosa the connective-tissue septa are particu- 
larly numerous and of large size. The space left for the nervous con- 
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A, OPHTHALMOSCOPIc VrEw.—Somewhat to the inner side of the center of the papilla the cen- 
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tral artery rises from below, and to the temporal side of it rises the central vein. At the 
temporal side of the latter lies the small physiological excavation with the gray stippling of 
the lamina cribrosa. The papilla is encircled by the light scleral ring (between c and d), and 
the dark chorioida] ring at d. 

LONGITUDINAL SECTION THROUGH THE HEAD OF THE Optic NERVE. Magnified 14 x 1.—The 
trunk of the nerve up to the lamina cribrosa has a dark color because it consists of medul- 
lated nerve-fibers. n, which have been stained black by Weigert’s method. _The clear inter- 
spaces, se, separating them correspond to the septa composed of connective tissue. The 
nerve-trunk is enveloped by the sheath of pia mater, p, the arachnoid sheath, ar, and the 
sheath of dura mater, du. There is a free interspace remaining between the sheaths, con- 
sisting of the subdural space, sd, and the subarachnoid space, sa. Both spaces have a blind 
ending in the sclera ate. The sheath of dura mater passes into the external layers, sa, of 
the sclera, the sheath of pia mater into the internal layers, si, which latter extend as the 
lamina cribrosa transversely across the course of the optic nerve. The nerve is represented 
in front of the lamina as of light color, because here it consists of non-medullated and 
hence transparent nerve-fibers. The optic nerve spreads out upon the retina, , in such a 
way that in its center there is produced a funnel-shaped depression, the vascular funnel, 6, 
on whose inner wall the central artery, a, and the central vein, v. ascend. I he chorioid, ch, 
shows a transverse section of its numerous blood-vessels, and toward the retina a dark line, 
the pigment epithelium; next the margin of the foramen for the optic nerve and correspond- 
ing to the situation of the chorioidal ring, the chorioid is more darkly pigmented. ci isa 
posterior short ciliary artery which reaches the chorioid through the sclera. Between the 
edge of the chorioid, d, and the margin of the head of the optic nerve, c. there is a narrow 
interspace in which the sclera lies exposed, and which corresponds to the scleral ring visible 
with the ophthalmoscope. 


stituents of the optic nerve is hence very considerably reduced at this spot. 
How, then, is it possible that the bundle of nerve-fibers can go through 
this narrow passage? A glance at the longitudinal section of a fresh 
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optic nerve gives the explanation: of this. . Such a section shows the 
nerve to be white as far as the lamina cribrosa, while in front of it it is 
of a translucent gray. The white hue of the optic nerve in its extra- 
ocular portion depends upon the fact that the optic-nerve fibers here are 
medullated, and therefore opaque (in Fig. 84 they appear black, in con- 
sequence of being stained with hematoxylin, after Weigert’s method). 
In their passage through the lamina cribrosa the nerve-fibers lose their 
myelin, and consequently become transparent; hence, the translucent, 
gray appearance of the head of the optic nerve. With the loss of the 
myelin the diameter of each individual nerve-fiber diminishes very 
considerably, so that their aggregate amount finds room in the nar- 
row foramina of the lamina cribrosa. 

The lamina cribrosa plays an important part in pathological pro- 
cesses. In the first place, it is the weakest spot of all the tunics of the 
eye, being here constituted only by the innermost layers of the sclera 
(together with a few lamelle of the chorioid), which, moreover, are per- 
forated by the foramina for the bundles of fibers of the optic nerve. 
Hence, in case of increase of tension, this spot is the first to give way. 
In the normal eye the lamina cribrosa runs straight, or with but a 
slight backward curvature, across through the optic nerve. With in- 
crease of tension, it recedes more and more, and thus forms the glau- 
comatous excavation. A second reason for the production of patho- 
logical changes lies in the fact that within the foramen sclere and 
particularly within the limits of the lamina cribrosa, the optic nerve is 
tightly inclosed between firm, fibrous walls, a thing that occurs at no 
other spot in its course. Here, therefore, when swelling of the optic 
nerve takes place, constriction and strangulation of it may readily 
occur. The foramen sclerx, accordingly, in this case play a part like 
that which the fibrous ring of the hernial orifice does for the viscera 
lying in front of it. 

That portion of the optic nerve situated in front of the lamina cri- 
brosa in the interior of the eye itself is the head of the optic nerve (papilla 
nervi optici). It is the part of the optic nerve which even during life 
can be seen by means of the ophthalmoscope. The name papilla was 
selected by the older authors under the erroneous impression that the 
head of the optic nerve represented a projection into the interior of the 
eye. This, however, is only the case in pathological conditions—e. g., 
in inflammatory swelling of the papilla. In the normal state, the latter 
is perfectly flat, so as to lie in the same plane as the retina, or it actu- 
ally has a central depression (0, Fig. 84). This latter arises from the 
fact that the fibers of the optic nerve begin to separate from each other, 
not at the level of the retina but below it, so that a funnel-shaped 
depression is produced from which emerge the central vessels of the 
optic nerve. ‘This is the normal vascular funnel, which quite often ex- 
pands into a pretty extensive depression, the physiological excavation. 
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(2) Orbital Division of the Optic Nerve. 

The optic nerve on its way from the eye to the foramen opticum 
makes an S-shaped bend (0, Fig. 48). Owing to this, the eyeball can 
move freely within wide limits. ‘The movements of the eye take place 
about a center of rotation which lies nearly in the center of the eyeball. 
Hence, when the cornea is turned toward one side, the posterior pole 
of the eye goes about as far to the opposite side. For all excursions of 
the cornea there are corresponding ones, as large in extent but in the 
opposite direction, of the posterior pole, for which reason the latter 
must be freely movable. If now the optic nerve were stretched in a 
straight line between the eyeball and the optic foramen, it would keep 
the posterior segment of the eyeball fast in its place, and hinder the 
movements of the whole eye. We see a confirmation of this in those 
cases in which the optic nerve is put on the stretch by protrusion of 
the eyeball from the orbit. The more pronounced the exophthalmus, 
the greater is the restriction of the motility of the eyeball. In the 
normal state, the optic nerve, on account of its S-shaped curvature, is 
longer than the distance between the eye and the optic foramen, so 
that it can undergo extension and thus follow the changes of place of 
the posterior pole of the eye. 

The orbital portion of the optic nerve consists of the trunk of the 
nerve and the sheaths enveloping it. 

(a2) The trunk of the optic nerve is composed of nerve-fibers and 
connective tissue. ‘The nerve-fibers vary greatly in caliber and are 
extremely numerous, their amount being estimated at about half a 
million. lying between the fibers as a supporting substance is the 
neuroglia tissue. The nerve-fibers are combined into bundles (4, Fig. 
85) which run parallel to one another, and anastomose together by a 
mutual interchange of fibers. Between the bundles lies the connective 
tissue which furnishes the supporting framework for the entire optic 
nerve. It forms thick or thin septa which are everywhere connected 
and traverse the entire optic nerve (s, Fig. 85). Between the outer 
surface of a nerve-bundle and the inner surface of the septa is found 
a space which acts as a lymph-cavity. 

(b) The sheaths of the optic nerve are three—an internal, a middle, 
and an external one. As these originate from the three enveloping 
membranes of the brain, they are designated by the names of the pial, 
arachnoid, and dural sheaths (Axel Key and Retzius). The inner or 
pial sheath (p, Figs. 84 and 85) closely embraces the trunk of the optic 
nerve. From it the bands of connective tissue, which form the septa, 
pass into the interior of the nerve; and with them pass the blood-ves: 
sels. The external or dural sheath (dw, Figs. 84 and 85) is much 
thicker than the internal sheath, and surrounds the nerve loosely. By 
reason of this, a pretty broad space—the intervaginal space—is left 
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between it and the internal sheath. The'middle or arachnoid sheath 
(ar) was not discovered until recently. It had escaped observation be- 
fore, because it is a very delicate pellicle which for the most part is 
intimately attached to the dural sheath. ‘The middle sheath is united 
by manifold trabecule of connective tissue to the external and internal 
sheaths. It Givides the intervaginal space into two portions, the sub- 
dural (sd) and sub-arachnoid (sa) space, which communicate with the 
cerebral spaces of the same names. ‘These appear particularly promi- 
nent in Fig. 90, where they are pathologicaily dilated by an accu- 
mulation of fluid. The surfaces of the sheaths, turned toward these 


Fia. 85.—Cross-SECTION OF THE OPTIC NERVE. WITH ATROPHY OF THE PAPILLO-MACULAR 
BUNDLE (MADE 4 MM. BEHIND THE EYEBALL). MAGNIFIED 15 x 1 


The optic nerve is enveloped in the dural sheath, du, the arachnoid sheath, a7, and the pial 
sheath, p. Between the first and second is found the subdural space, sd ; between the sec- 
ond and third, the arachnoid space, sa. On the outer and upper side of the center of the 
section is seen the central artery, ca ;and more centrally is seen the central vein. These 
are surrounded by the cross-sections of the nerve-bundles, b, which are separated from each 
other by the septa, s, of connective tissue. At the temporal side, a wedge-shaped segment. 
pm, is distinguished from the rest of the cross-section of the nerve by its paler color. This 
corresponds to the atrophic papillo-macular bundle. Within the confines of it the cross- 
sections of the nerve-bundles are narrower and the septa of connective tissue are broader. 


spaces, are provided with a coating of endothelium, so that these spaces 
are lined completely with endothelium, and must be regarded as lymph- 
spaces (Schwalbe). 

Upon the eyeball the three sheaths become united to the sclera. 
The external and middle sheaths pass into the outer two thirds of the 
sclera (Fig. 84, sv); the inner sheath goes to the innermost lamelle of 
the sclera (Fig. 84, s7), which form the lamina cribrosa, and it is also 
connected with the chorioid. The intervaginal space has a blind end- 
ing situated within the sclera (Fig. 84,¢). Posteriorly the three sheaths 
are continuous with the corresponding membranes of the brain. 
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The blood-vessels pass from the pial sheath into the optic nerve. In 
addition, in the anterior portion of the orbital division there are found 
the central vessels of the optic nerve. The central artery is a branch of 
the ophthalmic artery; the central vein empties into the superior oph- 
thalmic vein or directly into; the cavernous sinus. Both vessels enter 
the optic nerve at a distance of ten to twenty millimetres behind the 
eyeball (Fig. 84, e) and run in the axis of the nerve as far as the pa- 
pilla, where they divide into the retinal vessels. 


(c) Intracranial Section of the Optic Nerve. 


The optic nerve leaves the orbit through the optic foramen. The 
latter really forms a short bony canal (canalis-opticus), which contains 
besides the optic nerve only the ophthalmic artery (lying on the inner 
side of the optic nerve). Owing to the fact that the optic nerve within 
the canalis opticus is tightly inclosed by the bony walls of the latter, this 
section, just like the intra-scleral portion of the optic nerve, possesses a 
particular predisposition for morbid affections. Such affections con- 
sist in inflammation, in compression of the nerve through thickening 
of the bone, and in its contusion and laceration in case of fracture of 
the bony wall of the canal. 

The intracranial portion of the optic nerve extends from the optic 
foramen to the chiasm; is therefore short (scarcely one centimetre). 
It is flattened and is enveloped only by the pial sheath, since the other 
two sheaths after passing through the optic foramen become united 
with the two outer membranes of the brain. 


Continuation of the Fibers of the Optic Nerve to the Cerebral Cortez. 


The two optic nerves join together in the chiasm, where they form 
an intimate anastomosis, and then on the posterior side of the chiasm 
make their appearance again as the optic tracts. The chiasm lies in 
the optic groove of the body of the sphenoid bone, directly in front ot 
the infundibulum. Starting from the chiasm the optic tracts pass 
backward, diverging as they go, and, winding about the crus cerebri, 
arrive on either side at the external and internal geniculate bodies 
(into which last, however, they do not penetrate). From this point 
the optic fibers pass to the most various parts of the brain. Two bun- 
dles of fibers are of particular importance—the fibers (Fig. 86, m) 
which go to the nuclei of the oculomotorius, A, and the fibers, JS, 
which pass to the cerebral cortex, B. The former regulate the move- 
ments of the ocular muscles and the reflex action of the pupils; the 
latter render possible the perception of the object seen. The fibers of 
the optic tract which are destined for the cerebral cortex pass through 
the optic thalamus and through the posterior portion of the internal 
capsule (Gratiolet’s optic radiation) to the cortex of the occipital 
lobe, and mainly to that division of it which is known as the cuneus. 
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They here terminate in the ganglion-cells'of the cortex, within a dis- 
trict which is known as the optical area of the cortex, or the visual sphere 
(Munk). Within the ganglion-cells the excitation set up in the optic- 
nerve fibers is transformed into sensation (sensory perception), so that 
it is here that the object seen comes within the domain of conscious- 
ness. In the ganglion-cells which have once been subjected to excita- 
tion permanent changes remain (memories), which become so intense, 
particularly upon a pretty frequent repetition of the same excitation, 
that by means of them we are able to reproduce in our consciousness 
an object formerly seen (optical memory-pictures). Upon destruction 
of the cerebral cortex, excitations of the optic-nerve fibers either fail 
altogether to become objects of consciousness or on account of demoli- 
tion of the optic memory-pictures they no longer evoke the recollection 
of anything already known. Objects are seen, to be sure, but are not 
recognized. These cases are known as cortical or psychical blindness. 
We have still to study more exactly the course of the fibers of the 
optic nerve in the chiasm itself. It is not a complete but only a partial 
decussation (semt-decussation) of the fibers that takes place here. In 
order to understand the arrangement of the fibers it is best to start from 
the eyeball in making our examination. Let us suppose a sagittal plane 
(V, Fig. 86), passing through the fovea centralis (f/f), to be drawn 
through the retina (/?) of the right eye. The fovea divides the retina 
into two halves, a right or temporal half (7) and a left or nasal half ((). 
The fibers (indicated by dotted lines in the figure) which spring from 
the right half pass backward into the optic nerve (0), and go, keeping 
all the while upon the right side, to the right optic tract (7’). The sum 
of these fibers is hence known as the non-decussating bundle. But the 
fibers which proceed from the left half (7) of the retina of the right 
eye pass over to the left side in the chiasm, so as to be found in the left 
optic tract (7'). They form the decussating bundle. The like is true 
of the fibers belonging to the left eye. They all lie together in the left 
optic nerve (0,), and become separated in the chiasm; the fibers coming 
from the left half of the retina pass into the left optic tract, those from 
the right half of the retina into the right optic tract. Each optic tract 
therefore contains fibers from both eyes. The right optic tract consists 
of the non-decussating fibers from the right half of the retina of the 
right eye and the decussating fibers from the right half of the retina of 
the left eye. Accordingly, the right halves of both retin (7 and 7), 
and so the left halves of both visual fields (G,), belong to the right 
tract. Hence, the perception of all objects situated to the left of the 
median line is conveyed along the right optic tract to the cortex of the 
right hemisphere ; the latter is thus designed for the apprehension of 
the left half of the external world. The converse is true of the left 
hemisphere. ‘Thus the nerve subserving the sense of sight is in har- 
mony with other nerves, all of which terminate in the hemisphere of 
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the opposite side. This is the case both with centripetal and centrifu- 
gal nerves. What we touch with our left hand becomes an object of 
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Fia. 86.—ScHEMATIC REPRESENTATION OF THE Optic TRACTS. 


The field of vision common to the two eyes is composed of a right half, G, and a left half, G,. 
The former corresponds to the left half, 1 and /,, of the two retine, the latter to the right 
half, 7 and7r,. The boundary between the two halves of the retina is formed by the vertical 
meridian. This passes through the fovea centralis, /, in which the visual lines drawn from 
the fixed point, F, impinge upon the retina. The optic nerve-fibers arising from the right 
half, 7 and 7,, of the two retin (indicated by the dotted line) all pass into the right optic 
tract, 7’, while the fibers belonging to the left half, / and /,, of the two retin pass into the 
left optic tract, 7,. The fibers of each optic tract for the most part pass to the cortex of 
the occipital lobe, B, forming Gratiolet’s optic radiation, S; the smaller portion of them, m, 
goes to the oculo-motor nucleus, K. This consists of a series of partial nuclei, the most an- 
terior of which sends fibers, P, to the pupil (sphincter iridis) ; the next one sends fibers, 4, 
to the muscle of accommodation ; and the third sends fibers, C, to the converging muscle 
(internal rectus, 7). All three bundles of fibers run to the eye in the trunk of the oculo- 
motor nerve, Oc. Division of the optic tract at g g or at ee produces right hemiopia ; and 
in the former case there would be no reaction to light on illuminating the left haJf of either 
retina. Division of the chiasm at ss produces temporal hemiopia. Division of the fibers, 
m, abolishes the reaction of the pupil to light, but leaves the sight and also the associated 
contraction of the pupil in accommodation and convergence unaffected. 
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consciousness through excitation’ of the cortex of the right side of the 
cerebrum, and destruction of a certain portion of the latter entails a 
loss of the voluntary movements of the left arm, The sense of sight 
appears to form an exception to this rule, since each eye is connected 
with both hemispheres. This exception ceases to exist if we distribute 
the visual sensations in accordance with the halves of the field of vision 
to which they correspond. Lverything which the observer sees on the 
left side of him becomes an object of consciousness through excitation of 
the cortex of the right occipital region, and vice versa. 

The fact of semi-decussation affords the explanation of an important 
variety of visual disturbance, hemiopia.* Let us suppose that the con- 
tinuity of the left optic tract (Fig. 86, 7',) is interrupted at any spot— 
e.g., at g,g. In this case the left halves of both retine (/ and /,) would 
be cut off from their connection with the cortex of the left hemisphere. 
The right half, G, of the fields of vision of the two eyes would be want- 
ing, so that only the left halves of all fixed objects would be seen. In 
like manner, the left halves of both visual fields would be lost upon 
destruction of the right optic tract. Hemianopia thus originating is 
called homonymous or lateral (Fig. 87). The same thing, of course, 
would also happen if the destruction did not affect the optic tract itself, 
but a spot placed higher up (e. g., e, e)—in fact, even the cerebral cortex 


Fic. 87.—HomonymMous HeEMIoPia. (AFTER SCHWEIGGER.) 


The areas which have been left white correspond to the left halves of the visual fields, R and L 
of the right and left eye, which are still intact: ¢, temporal ; n, nasal side. ‘ ; 


itself. Homonymous hemiopia, therefore, is always indicative of a 
lesion which lies to the central side of the chiasm and upon the same 
side as the blind half of the retin, 

If the chiasm is divided by a sagittal section (s,s, Fig. 86) into a 
right and left half, all the decussating fibers are severed, while the 
non-decussating bundles remain intact. Since the decussating bundles 
supply the inner halves 7 and 7,) of the two retine, these portions of 


*From fous, half, and ép, vision. By many authors the terms hemianopia or 
hemianopsia, formed by the interposition of an 4 privative, are employed. 
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the retina would be thrown out of use, and thus the outer (temporal) 
half of the two visual fields would be suppressed. This form of visual 
disturbance is therefore called temporal hemiopia (Fig. 88). The same 


Fic. 88.—TemporaL Hemiopia. (AFTER SCHWEIGGER ) 


The areas left white correspond to the nasal halves of the visual fields, R and L, of the right 
and left eye, which are still intact: t, temporal ; n, nasal side. 


thing might also be caused by a lesion (e. g., a tumor) existing in the 
anterior or posterior angle of the chiasm, where decussating fibers alone 
are situated. 


The hypothesis of a semi-decussation of the optic nerves was made by as 
remote an observer as Newton, who was led to it by the observation of certain 
cases of hemiopia. In fact, hemiopia can not be adequately explained in any 
other way than upon the assumption of a semi-decussation. This assumption, 
therefore, passed for a well-established fact until it was attacked upon the basis 
of anatomical investigations (by Biesiadecki, Mandelstamm, and above all by 
Michel). In man the fibers of the optic nerve, which in some parts are very 
minute, are so intimately interlaced that it is not possible to follow them with 
certainty on their way through the chiasm, Accordingly, observers turned for 
information to comparative anatomy, which presents us in animals with much 
simpler conditions. The simplest case occurs in fishes, in which the two optic 
nerves either merely cross over each other (in the bony fishes) or in which one 
optic nerve passes through a slit in the other (in the herring). In the amphibia 
and birds the conditions are more complicated, but are still always easy to make 
out. In them each optic nerve divides into a number of flat bundles, which all 
pass over to the other side, interlacing with the bundles of the opposite side as 
they cross, in the same fashion as the intertwined fingers of two hands when 
clasped together. There is no doubt, therefore, that in the lower vertebrates a 
complete decussation of the optic nerves exists; the only mistake that has been 
made is in concluding from this fact that we are justified in assuming the same 
condition to hold good for the higher vertebrates also. 

Gudden has the credit of having definitely demonstrated by his experiments 
the true state of the case in the higher vertebrates. He employed for this pur- 
pose the method of an artificially induced atrophy. When a portion of the 
body is removed, the nerve-fibers which run to it become atrophied (ascending 
atrophy). This atrophy rises higher and higher toward the brain, the younger 
the person is and the longer the time that has elapsed since the removal of the 
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portion of the body in question. So-also atrophy of the trunk of a nerve down 
to its termination sets in when the nerve is cut off from its connection with its 
central organ by the division of its root (descending atrophy). Methods based 
upon both of these principles were applied by Gudden to the organ of vision, 
inasmuch as he performed either enucleation of one eye or division of one optic 
tract, and studied the course of the consequent atrophy. If the right eye is 
enucleated in a new-born puppy, and some time afterward the animal is killed 
and examined, theright optic nerve is found to be completely atrophied; it 
consists of a thin strand of connective tissue without a trace of nerve-fibers. If 
complete decussation of the optic nerves took place in the chiasm, this com- 
plete atrophy would necessarily be continued into the optic tract lying on the 
opposite or left side, while the optic tract of the right side would be perfectly 
intact. This, however, is not the case; in the left optic tract there is still a 
slender bundle of nerve-fibers which has escaped atrophy. This can only origi- 
nate from the left optic nerve, and must, accordingly, be a non-decussating 
bundle. So also in the apparently normal right optic tract there is found a 
thin bundle of atrophic fibers which must spring from the right optic nerve, 
and which corresponds to the non-decussating bundle of the right side. Hence, 
in the dog a semi-decussation does exist, although the decussating 1s much more 
pronounced than the non-decussating bundle. In rabbits this disproportion is 
still more marked. In them the non-decussating bundle is so attenuated that 
at first it escaped Gudden’s notice altogether. On the other hand, in man the 
non-decussating bundle approximates the decussating one in size, the former 
containing about two fifths, the latter three fifths of all the optic-nerve fibers. 
In default of experiments, accident rendered the determination of this relation 
possible in man. Opportunities were had of holding autopsies on men of ad- 
vanced age who had lost one eye in childhood. In such subjects it was found 
that the complete atrophy of the single optic nerve was distributed between the 
two optic tracts in such a way that the tract of the opposite side was always 
somewhat more atrophied than that of the same side. Hence the following 
statement may be made of the facts of the case: In the lower vertebrates com- 
plete decussation of the optic nerves takes place ; in many of the higher vertebrates a 
partial decussation exists, the partial character of which is the more pronounced the 
nearer akin the animal is to man. 

We comprehend the reason of the foregoing fact if we start from the law 
that the optical perception of all objects which are situated on the right side of 
the body is effected by means of the left cerebral hemisphere, and vice versa. In 
the lower vertebrates, and in fact even in most birds and mammalia, the eyes are 
placed so much on one side of the head that the animal is unable to sce any 
point whatever with both eyes at once. The fields of vision of the two eyes are 
perfectly distinct. The right eye sees nothing but those objects which are situ- 
ated on the animal’s right side; accordingly, the fibers of the optic nerve origi- 
nating from this eye must all pass to the left hemisphere, for which reason 
complete decussation of the optic nerves takes place. In the higher vertebrates 
—e. g., in the dog—we begin to find the eyes placed farther forward. Objects 
straight in front of them situated in and close to the median line can therefore 
be seen by both eyes at once, so that in this locality the fields of vision of the 
two eyes partially overlap, and there exists a small common (binocular) field of 
vision. The right eye, to be sure, is mainly designed for the vision of objects 
situated on the right side of the body, but it also, by means of the extreme 
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temporal portion of its retina, presides over a small area to the left of the median 
line. The optic-nerve fibers springing from this portion of the retina must go 
to the cortex of the right cerebral hemisphere, because they transmit the impres- 
sions of objects lying upon the left side of the body. These fibers constitute 
the non-decussating bundle; and this latter is small, because the area of retina 
corresponding to it is of but slight extent. 

Lastly, in man both eyes lie in the frontal plane, so that almost all objects are 
seen with both at the same time. Accordingly, the visual fields of the two 
eyes are to a large extent coincident, so that there is formed a large binocular 
field of vision (the area left white in Fig. 89). Each eye sees objects both 
upon the right and upon the left side of the body, for which reason one part of 
the fibers of the optic nerve belonging to it go to the right, another part to the 
left hemisphere. To be sure, the visual field of each eye extends farther to the 
temporal than to the nasal side (see page 23 and Fig. 14). Hence, it follows 
that the nasal half of the retina is larger than the temporal, and as the fibers 
which spring from the former pass over in the chiasm to the opposite side, the 
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Fic. 89.—BInocuLaR FIELD oF VisION. (AFTER Miser.) 


The undotted line, L, bounds the visual field of the left eye, the dotted line, R, the visual field 
of the right. The median portion of the two visual fields overlap to an extent shown by 
the surface left white. This is, accordingly, the binocular field of vision, all objects in which 
ere seen by both eyes at the same time. In its center lies the point of fixation, f, and at 
either side of the lattter the blind spots, r and J, of the right and left eye. Adjoining either 
side of the binocular field of vision are the temporal divisions of the two visual fields (the 
shaded areas in the figure), objects in which are seen with one eye alone, 


number of decussating fibers in the optic nerve is necessarily somewhat larger 
even in man than the number of those which do not decussate. The way in 
which the optic nerves decussate, therefore, depends upon the relation of the 
fields of vision of the two eyes. If the two fields are completely separated, 
total decussation exists. If there is a binocular field of vision, semi-decussation 
takes place, and this is the more pronounced the larger the binocular field of 
vision. 

Hemiopia in the more extended sense of the term exists not only when an 
entire half of each visual field is wanting, but also when there is a deficiency 
which, though smaller, occupies a symmetrical position in the visual fields of 
the two eyes (incomplete hemiopia, Wilbrand). In this case, too, there is a 
lesion of the fibers of the optic nerve above the chiasm, only now simply a por- 
tion instead of all the fibers of one tract (or of its continuation to the cortex) 1s 
destroyed. It very often happens in typical hemiopia that the field of vision is 
not divided exactly in half, the vertical border of the field bending out a little 
at the site of the point of fixation (Fig. 87), so that the portion of the field of 
vision corresponding to the macula lutea is preserved intact. We must con- 
clude from this that the macula lutea—in contradistinction to the rest of the 
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retina—is supplied throughout its whole extent by fibers arising from both 
hemispheres. The favorable character of this arrangement is in accordance 
with the functional importance of this region of the retina. We shall see later 
on that the number of fibers which are destined for the macula lutea is also ex- 
tremely large. 

How are the nerve-fibers coming from the different parts of the retina situ- 
ated within the trunk of the optic nerve from the eye to the chiasm? Our 
knowledge in regard to this problem dates from very recent times, and has been 
worked out from the examination of pathological cases—e. g., in a case of 
optic-nerve disease a deficiency in the visual field is made out during life; upon 
autopsy a lesion is found in a certain portion of the trunk of the nerve. We are 
then justified in assuming that the bundle of nerve-fibers which give evidence 
of lesion appertain to that region of the retina which corresponds to the defect 
in the field of vision. 

The jilers of the optic nerve upon entering the interior of the eye spread out 
like a sheaf to form the most internal (most anterior) layer of the retina. The 
fibers which are situated along the margin of the papilla terminate in the 
vicinity of the latter. The nearer the fibers lie to the axis of the optic nerve 
the greater is the distance that they have to traverse in the retina in order to 
reach the level of the next layer of the retina—the ganglion-cell layer—with 
which they are continuous. Accordingly, the following may be enunciated as 
representing the state of the case: Those fibers which come from the peripheral 
portions of the retina lie in the center of the optic nerve, while those which rise 
from the central regions of the retina le along the margin of the nerve. It is 
deserving of mention that the bundles of nerve-fibers situated nearest the margin 
of the nerve—i. e., directly beneath the pial sheath—regularly undergo atrophy 
in advanced life. The same is true of the bundles of nerve-fibers adjoining the 
central vessels. Those fibers which supply the retina from the macula lutea to 
the papilla (the so-called papillo-macular region) take on a special form of ar- 
rangement. In that division of the optic nerve which adjoins the eyeball, 
they are aggregated in the form of a sector whose apex is directed toward 
the center of the nerve, while its base corresponds to the outer margin of 
the latter (the paler-looking bundle, pm, in Fig. 85). Farther back the ar- 
rangement changes, so that these fibers get to lie in the axis of the nerve (Sam- 
elsohn, whose statements were subsequently confirmed by others, such as Net- 
tleship, Vossius, Bunge, and Uthoff). The sector occupied by the papillo- 
macular bundle amounts to about one third of the entire cross-section of the 
optic nerve. This is very large, when we consider that the corresponding region 
of the retina constitutes but a small fraction of the entire retinal surface. This 
relation, in fact, is in harmony with the predominant importance of this region 
of the retina. It gives support to the assumption that each one of the terminal 
elements in the macula lutea is connected with the brain by a nerve-fiber of its 
own, so that excitations of this clement are conveyed to the brain, isolated from 
others, while in the peripheral portions of the retina probably a number of 
terminal elements are continuous with one common fiber. 

Our knowledge in regard to the course of the optic fibers can be applied 
practically, inasmuch as it enables us to determine precisely the situation of a 
lesion in the optic tract. In this instance we are dealing with cases in which a 
defect exists in the visual field without the ophthalmoscope showing any disease 
of the deep tunics of the eye, so that the defect must be referred to some break 
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in the conduction. In all cases in which the defect in the visual field is con- 
tained in one eye only or in which, while there are defects in both eyes, they are 
not symmetrically situated, the lesion must be seated in the optic nerve itself— 
that is, in front of the chiasm—since all interruptions on the farther side of the 
chiasm result in the production of symmetrical defects in the visual fields. For 
the same reason complete blindness of one eye, the other one being intact, must 
be referred to an affection in front of the chiasm. Central scotomata correspond 
to an affection of the papillo-macular bundle. In temporal hemiopia the lesion 
1s seated in the chiasm itself. Homonymous hemiopia, or less extensive but 
still symmetrical defects in the field of vision, depend upon a disturbance above 
the chiasm. If, in addition, there is loss of the reflex movement of the pupil 
when light is thrown upon the blinded portion of the retina (Wernicke’s hemi- 
opic pupillary reaction), the break in the conduction must lie below the spot 
at which the fibers to the oculo-motor nucleus are given off—i. e., they must 
lie in the optic tract itself; but, if the pupillary light-reflex is intact, the lesion 
is to be located higher up—e. g., in the optic thalamus, in the internal capsule, 
or even in the cortex of the brain itself. Finally, a cortical lesion must be 
assumed to exist for those rare cases in which there 1s hemiopia only for the 
color-sense or for the light-sense, while the field of vision for the space-sense 
(that is, of the visual field taken by the ordinary method of examination) is 
normal; for the channels of these three varieties of perception have in all re- 
spects a common course, and only in the cortex of the brain become separate, so 
as to terminate in distinct centers. 


I. INFLAMMATION OF THE Optic NERVE. 


102. Inflammation of the optic nerve (neuritis optica) may make its 
appearance at any spot whatever of the nerve. Of course, it is directly 
visible in the living eye only when the optic papilla, which is accessible 
to ophthalmoscopic examination, is involved. Such cases we designate 
as neuritis intra-ocularis or, on account of the changes in the papilla, 
as papillitis (Leber). From them are to be distinguished those cases in 
which the inflammation is located in a portion of the optic nerve which 
is situated farther back (neuritis retrobulbaris). Since in this case the 
focus of inflammation can not be seen, its existence must be inferred 
from the other symptoms. 


(a) Neuritis Intra-ocularis. 

Symptoms and Course.—Neuritis of the papilla of the optic nerve 
manifests itself externally by no signs except that the pupils are dilated, 
to correspond with the diminution or absolute abrogation of the sight. 
Ophthalmic examination shows in the papilla the following evidences 
of inflammation (Fig. 90, 4). The color of the papilla is altered, being 
either white, gray, or reddish, and it is often mottled with white spots 
or with extravasations of blood (2). The boundary-lines of the papilla 
become indistinguishable, the exudation extending beyond them into 
the adjoining retina; hence, too, the papilla appears of greater diame- 
ter than normal. The blood-vessels of the retina are altered, the arter- 
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ies (a, a) being thinner, while the veins (v,v) are distended, in conse- 
quence of the compression of the vessels by the swollen optic nerve. 
The veins of the retina become exceedingly tortuous, especially at the 


Fia. 90.--Optic Neuritis (CHoKED D1isk).* 

A, OPHTHALMOSCOPIC VIEW OF THE PapiLuA. Magnified 14 x 1.—The papilla appears consid- 
erably enlarged and without distinct outline. It is of a grayish-white color, clouded, and 
covered with radiating strizee which extend into the adjoining retina, The retinal arteries, 
a, a, are contracted, the retinal veins, v, v, are exceedingly dilated and tortuous, and both are 
hazy in places. Adjoining the papilla, radially disposed, striate, red spots (haemorrhages), 
h, are found in the retina. 

B, LONGITUDINAL SECTION THROUGH THE HEAD OF THE Optic NeRvE.—This is greatly swollen, 
so as to project above the level of the adjacent retina and form atthe base an annular tume- 
faction, the neuritic swelling, n. There is a cellular infiltration, particularly along the mi- 
nuter blood-vessels, e, for which reason the latter stand out with a special prominence, The 
retina, r, is thrown into folds about the circumference of the papilla, in consequence of the 
swelling of the latter; the chorioid, ch, and the sclera, s, are normal, as is the optic nerve 
posterior to the lamina cribrosa. Here there simply exists a dilatation of the intervaginal 
space, 7, through accumulation of fluid, in virtue of which the greatly folded arachnoid 
sheath, ar, is especially well marked ; du, dural sheath ; p, pial sheath. 


* Compare with this the normal optic nerve in Fig. 84, page 421. 
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spot where they pass down upon the retina over the edge of the swollen 
papilla; and wherever their coils dip pretty deeply into the clouded 
tissues they look hazy, or seem to suffer an actual interruption in their 
course. The most important symptom is the swelling of the papilla, 
manifested by its prominence above the surrounding retina. 

The subjective symptoms consist in a disturbance of vision. This 
in most cases is very considerable ; when the neuritis is severe, complete 
blindness is usually present. Nevertheless, cases of marked swelling 
associated with normal sight do also occur (in choked disk). Con- 
traction of the field of vision is frequently found, sometimes under 
the form of hemiopia. 

Neuritis runs a chronic course. It takes months for the inflamma- 
tory phenomena to disappear, and then they are replaced by the symp- 
toms of atrophy. The papilla grows paler, its outlines become once 
more Clearly visible, and the vessels upon the papilla and in the retina 
are narrowed. ‘This so-called neuritic atrophy is the more pronounced 
in proportion as the preceding neuritis was the more intense. Whether 
the vision grows better again after the inflammation has run its course, 
or remains permanently enfeebled, or is annihilated, depends upon the 
degree of the atrophy. In any case, the prognosis of neuritis is serious. 

Ktiology.—Like the rest of the intra-ocular affections, neuritis is 
but rarely a local lesion; on the contrary, it usually originates in some 
deep-seated affection, and for this reason is almost always bilateral in 
its development. The diagnosis of neuritis is therefore of importance, 
not only for the oculist, but also for every physician engaged in the 
treatment of internal disorders, as it affords him aid that is indispensa- 
ble for the diagnosis of many diseases. 

The causes of neuritis are: 

1. Brain Diseases.—These are by far the most frequent cause of 
optic neuritis. The brain lesion leads to disease of the optic nerve, 
either through producing engorgement or through transfer of the in- 
flammation. (a) Hngorgement is chiefly of moment in those diseases of 
the brain which lead to an elevation of the pressure within the cranial 
cavity—i. e., most frequently in tumors of the brain and in hydro- 
cephalus. A brain tumor, as a result of its growth, arrogates constantly 
more and more space to itself within the cranial cavity. Hence, as the 
skull is unyielding, an increase in the intra-cranial pressure arises, by 
virtue of which a portion of the cerebro-spinal fluid is squeezed out of 
the cranial cavity. This fluid finds an egress partly in the direction of 
the spinal cord, partly in that of the optic nerve. ‘The spaces between 
the sheaths of the optic nerve which communicate with the lymph- 
spaces between the membranes of the brain are dilated by an accumu- 
lation of fluid (hydrops vagine nervi optici, Fig. 90, 7; Stellwag). 
Upon this fact is based the following theory of Schmidt and Manz in 
regard to the origin of neuritis. In consequence of accumulation of 
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fluid in the intervaginal space, a stasis of lymph occurs in the trunk of 
the optic nerve itself, particularly in the region of the lamina cribrosa, 
the lymph-spaces of which communicate with the intervaginal space. 
The cedema of the lamina cribrosa causes a compression of the central 
vessels—a compression which makes its influence felt sooner and to a 
higher degree in the central vein of the optic nerve than in the central 
artery. As there is constantly pouring into the papilla through the 
artery a quantity of blood which can not be completely carried away 
again by the contracted central vein, venous engorgement of the optic 
nerve and consequently swelling of the latter are developed. This 
swelling of the nerve leads to its incarceration at the spot where it fits 
so tightly in the foramen sclere, and consequently extreme cedema 
develops in the strangulated papilla. Neuritis having this origin is 
hence not to be regarded so much in the lght or an inflammation 
proper as of an inflammatory cedema, and is accordingly designated by 
the name of engorgement neuritis, or choked disk. It accordingly con- 
stitutes a very important symptom of increase of the cerebral pressure. 
(2) Direct transmission of inflammation from the brain to the optic 
nerve must be assumed to exist chiefly in those cases in which an inflam- 
mation exists in the brain itself, and particularly at its base, as is, for 
example, generally the case in tuberculous meningitis. Here the inflam- 
mation is transmitted along the optic nerve and its sheaths to the pa- 
pilla (neuritis descendens). 

2. Syphilis is a frequent cause of neuritis. The optic nerve may 
be attacked by the syphilitic affection directly. In other cases it 
becomes affected indirectly, owing to the development in the cranial 
cavity or in the orbit of inflammations or of tumors resulting from 
syphilis, which compress the optic nerve or in some other way cause its 
implication. 

3. Acute infectious febrile diseases, such as typhus fever, measles, 
scarlet fever, small-pox, diphtheria, pneumonia, and intermittent fever. 

4. Disturbances of nutrition of various kinds—for instance, those 
resulting from albuminuria, diabetes, scrofula, disorders of menstrua- 
tion, pregnancy, and the puerperal state. 

5. Acute anemia after great loss of blood, the most frequent variety 
being that due to hemorrhage from the stomach and to metrorrhagia. 
In these cases blindness usually does not set in until some days after 
the hemorrhage, and is generally incurable. 

6. Lead-poisoning. 

?. Heredity. There are families the members of which are attacked 
by neuritis without there being any special cause for it. Such a neuri- 
tis usually affects only the male members of the family, and these are 
generally attacked by it at the same age (as a rule at about the twenti- 
eth year). 

8. Marked chilling of the body. 
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9. Affections of the orbit such as inflammations or new growths in 
the orbit or tumors developing upon the optic nerve itself. These are 
the only cases in which neuritis can with certainty be regarded as a 
purely local disease. 

The treatment of neuritis, must be directed first of all against the 
lesion which forms the basis of it. Local treatment, in addition to a 
suitable regimen of the eyes, consists in the abstraction of blood at the 
mastoid process, in diaphoretic measures, and in the administration of 
absorbent remedies, such as iodide of potassium, mercury, ete. 


Simple hyperemia of the optic nerve is a frequent occurrence. It is not only 
a constant accompaniment of all inflammations of the retina and chorioid, but 
is found in connection with violent inflammations in the anterior division of the 
eye—e. g., in irido-cyclitis. If an inflammation of the retina is associated with 
pretty marked involvement of the optic nerve, or if, on the other hand, an 
inflammation of the optic papilla has extended so as to occupy quite a large area 
of the retina, the picture of newro-retinitis is produced. Almost all forms of 
retinitis as well as of neuritis which have been described in the foregoing pages 
may appear under the form of neuro-retinitis. In connection with tumors of 
the brain, a special form of neuro-retinitis occurs, the peculiarity of which con- 
sists in the fact that together with the phenomena in the optic papilla minute 
splashes of silvery luster are visible in the region of the macula lutea, so that a 
picture resembling that of retinitis albuminurica is produced. 

Von Graefe was the first to distinguish the inflammations of the optic nerve 
accompanying diseases of the brain into the neuritis of engorgement and descend- 
ing neuritis. The marks distinguishing the two in the ophthalmoscopic picture 
are as follows: In the choked disk of engorgement neuritis the swelling is very 
considerable, but suddenly ceases at the edge of the disk, since the changes are 
confined to the latter. The engorgement furthermore manifests itself in the 
frequently enormous distention of the retinal veins. In neuritis descendens 
the swelling is slight and so is the distention of the veins, and the exudation, 
made patent by the cloudiness and discoloration of the disk, comes more into 
prominence. The exudation, moreover, extends beyond the edge of the disk 
into the adjacent retina, so that the disk appears enlarged ; frequently the picture 
of neuro-retinitis is produced. Nevertheless, the two forms of neuritis are not 
so widely separated as the theory demands, since numerous transition forms 
occur between choked disk and descending neuritis. For this reason, and also 
on the basis of anatomical investigations, the purely mechanical explanation of 
choked disk, such as the theory of Schmidt-Manz affords, has been repeatedly 
questioned, and other hypotheses have been propounded to account for its 
development. In reality, the fact appears to be that a process of engorgement 
does actually play an important part in the production of congestive neuritis, 
but that inflammatory processes in the trunk and in the sheaths of the optic 
nerve likewise participate in its production. a 

The diseases of the brain which are complicated with optic neuritis are 
partly focal, partly diffuse affections. Among the former, it is mainly the 
tumors of the brain which result in neuritis, usually under the form of choked 
disk. Neuritis in this case is so frequent—it is said to be wanting in only 10 
per cent, according to others in 20 to 30 per cent of cerebral tumors—that it 
forms one of their most important symptoms. This symptom 1s the more 
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deserving of consideration inasmuch.as a cerebral tumor may often run its 
course for a long time without producing any other positive symptoms—e. g., 
it may simply cause headache, or even this may be wanting. Accordingly, in 
every case in which there is a suspicion of the existence of a cerebral affection, the 
Sundus of the eye should be examined with the ophthalmoscope. This is the more 
necessary, since choked disk sometimes fails to manifest itself by any disturb- 
ance of the vision. This is explained by assuming that in choked disk 
—in the beginning at least—there is simply a state of edema. The disturbance 
of vision is accordingly produced by compression of the nerve-fibers due to the 
cedematous swelling. The degree of this compression, however, can not by any 
means be determined from the ophthalmoscopic appearance, so that normal sight 
may be present along with a neuritis which with the ophthalmoscope appears, 
very pronounced. In many of these cases the blindness does not come on till 
later, sometimes not till the advent of neuritic atrophy. 

Neither the size nor the situation of the new growth is of importance in 
determining the development of a choked disk. Choked disk has been seen 
with tumors which scarcely reached the size of a walnut; at other times neuritis 
is absent, although the tumors are very large. Similarly, neuritis is found both 
with tumors which lie in the neighborhood of the optic tracts and with those 
which are far removed from them—e. g., in the cerebellum. Moreover, with 
tumors of the brain there may occur not only engorgement neuritis, but also 
descending neuritis and primary atrophy of the optic nerve. Descending neu- 
ritis takes place when the tumor excites, in its immediate neighborhood, an 
inflammation which is transmitted to the optic nerve. Primary atrophy may be 
produced by the fact that the tumor exerts a direct pressure upon the chiasm or 
the optic tracts, and thus causes their effacement; or an accumulation of fluid 
may take place in the third ventricle in consequence of the tumor, so that the 
greatly distended anterior inferior extremity of the ventricle presses upon the 
chiasm. In this way amaurosis develops with cerebral tumors, either without 
any ophthalmoscopic evidence at all or under the guise of a primary atrophy. 

Among the focal affections of the brain which may, although but rarely, 
cause neuritis must be enumerated foci of softening, abscesses, thrombosis of 
the sinuses, aneurisms, apoplexies, and cysts (among these cysticercus and echi- 
nococcus cysts). Among the diffuse affections, disseminated sclerosis, acute and 
chronic meningitis, and hydrocephalus give rise to neuritis. The two affections 
last named, together with tubercles of the brain, are the most frequent cause of 
neuritis in children. Frequently such children are not brought to the oculist 
until later in life, when he finds a neuritic atrophy as the cause of the blindness, 
and can determine from the history of the case that a severe cerebral affection 
has preceded it. This form of blindness is incurable. Not to be confounded 
with it are those rare cases in which children become blind without known 
cause and without any ophthalmoscopic change in the fundus. This variety of 
blindness, the cause of which is at present unknown, sometimes gets well 
(Nettleship). Some cases of neuritis due to hydrocephalus are known in which 
a continual dropping of fluid (cerebro-spinal fluid) takes place from the nose. 
Neuritis also occurs sometimes in malformations of the skull (particularly the 
kind known as peaked skull— ‘‘ Thurmschadel”’) and injuries of the skull (es- 
pecially fractures of the base, with consequent meningitis). 

Neuritis has also been observed as a rare complication in spinal diseases, par- 
ticularly in acute myelitis. 
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(o) Retro-bulbar Neuritis. 


103, Retro-bulbar neuritis is located in the orbital division of the 
optic nerve. Hence, upon ophthalmoscopic examination, we find in 
the papilla either no changes at all or changes that are insignificant 
and not characteristic; but later, after the disease has subsided, the 
signs of atrophy frequently make their appearance in this spot. This 
is the case when destruction of the fibers of the optic nerve has taken 
place within the region occupied by the focus of inflammation. The 
peripheral portions of the divided fibers then undergo an atrophy, which 
is slowly transmitted to the papilla, where it becomes visible with the 
ophthalmoscope (descending atrophy). Owing to the absence of dis- 
tinct ophthalmoscopic changes in the recent cases, retro-bulbar neuritis 
must be diagnosticated from the other symptoms, and mainly, in fact, 
from the way in which the vision is affected. In a few cases the dis- 
turbance of vision may increase to the point of complete blindness, but 
in most cases is confined to the central portions of the visual field 
which are supplied by the papillo-macular bundle. There is, therefore, 
a central scotoma in the field of vision. 

Retro-bulbar neuritis is either acute or chronic in its development. 
The chronic cases usually depend upon chronic poisoning, particularly 
that produced by tobacco (tobacco amblyopia). In general, retro- 
bulbar neuritis affords a good prognosis, since in cases which are not 
too far advanced the sight can be brought back again to the normal. 


The acute form of retro-bulbar neuritis is characterized by the suddenness 
with which the disturbance of vision develops. This failure of sight in the 
severe cases may attain such a degree within a. few days that all perception of 
light is abolished. Externally, the diseased eye looks normal; at most the 
pupil is dilated. The ophthalmoscope, too, shows scarcely anything besides 
some distention of the retinal vessels.* These symptoms are often accompanied 
by violent headache or by dull pain in the orbit, the latter being aggravated if 
the patient moves his eye or if the attempt is made to push it back in the orbit. 
Sometimes both eyes are attacked by this disease at the same time. 

The disease usually goes on toa complete or partial cure. In the first case 
the sight becomes normal again, in the second case a central scotoma generally 
remains. A pretty long time (one or more months) is required for the process 
of healing. In a few cases, however, the total blindness remains permanent, so 
that it is impossible to state the prognosis with certainty at the beginning of 
the disease. 

The known causes of acute retro-bulbar neuritis are great chilling of the 
body, excessive exertion, acute infectious diseases, such as measles, influenza, 
angina (Von Graefe), suppression of the menses, lead-poisoning. I have some- 
times seen the disease develop in gentlemen who had become very much heated 
in hunting and then were driven in open carriages in the cold. I once saw it 


* Sometimes, on the contrary, ischemia of the retina is present when the cen- 
tral vessels have undergone compression at the inflamed spot in the optic nerve, 
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result from excessive exertion in a young man who, under the stimulus of a bet, 
had covered a very great distance upon a velocipede in one day; on the next 
day he had a bilateral retro-bulbar neuritis. The hereditary form of neuritis 
may also appear under the guise of acute retro-bulbar neuritis. The treatment 
of the disease is that of neuritis in general. In the acute stage energetic dia- 
phoresis proves particularly efficient. 

Chronic retro-bulbar neuritis has as its typical representative tobacco am- 
blyopia (amblyopia nicotinica), which originates in chronic poisoning by nico- 
tine. It was first described by Arlt as retinitis nyctalopica, because the symp- 
tom of nyctalopia was the one that struck his attention most forcibly. Arlt’s 
statements in regard to the symptoms, course, and treatment of the disease are 
still correct to-day; but Arlt was ignorant of the cause of the disease, which he 
referred to the effect of dazzling by a bright light. 

Tobacco amblyopia makes itself evident only by the disturbance of vision, 
and this sets in so gradually that the patients are for the most part unable to 
tell exactly when it begins. At first medium-sized print can still be read, after- 
ward the reading of ordinary print becomes impossible. The reduction in the 
visual acuity is almost always the same in both eyes—a fact which distinguishes 
this from other intra-ocular affections, such as cataract, chorioiditis, atrophy of 
the optic nerve, etc., in which the two eyes are usually affected to a different 
degree. The symptom of nyctalopia is particularly characteristic. The patient 
declares that he sees much better in the evening than in the daytime; indeed, 
in recent cases he often imagines that in the evening he still sees as well as he 
he used to do, and that it is only in the daytime that he has a troublesome 
cloud which dazzles his sight. Objective examination shows that really in 
most cases no observable improvement takes place when the illumination is re- 
duced; but the annoying sense of dazzling is done away with, so that the 
patient believes that he sees better. In some cases, however, I have been able 
to make out a real improvement in the sight upon diminishing the illumination. 
One of these patients read finer print and read it better when he put on dark- 
gray goggles than he could do with the naked eye. Another patient, a coach- 
man, could still recognize in the evening the numbers of the houses to which 
he had to go, while in the daytime he no longer was able to do it. Meny 
patients also declare that they can not recognize red colors, particularly of 
small objects, as well as they used to do. Their acquaintances, they find, look 
ill because their cheeks appear to them to be of a waxen yellow. 

Objective examination shows but slight ophthalmoscopic changes. In re- 
cent cases the papilla is usually somewhat hyperemic; in the older cases, on 
the contrary, it has grown paler in its temporal half. But these changes are so 
little pronounced that one may say that the result of examination is negative. 
Examination of the vision shows a moderate diminution of the visual acuity, 
which has its cause in a central scotoma, This scotoma forms a horizontal oval, 
extending from the macula lutea to the blind-spot, and corresponding, therefore, 
to the maculo-papillary region of the retina. At first there is simply a color- 
scotoma. No gap is found in the field of vision if it is tested by means of a 
white object; but a red or green mark undergoes a change of color in the region 
of the scotoma, It appears less highly colored than in the other portions of 
the field of vision, and later on appears perfectly colorless. Later still, the red 
mark is not seen at all within the area of the scotoma, and finally the white 
mark, too, disappears in this portion of the visual ficld; the scotoma has now 
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become absolute (see pages 26 and 27), and the vision has become reduced to 
the lowest point that it can reach in this disease. The outer limits of the visual 
field always remain normal, and complete blindness is therefore not to be appre- 
hended, but direct vision is destroyed, and with it the ability to carry on any 
fine work. Owing to the chronic course of the disease, it takes a series of 
months for the sight to be redueed as low as this; and, moreover, this extreme 
reduction does not occur in every case. 

The cause of tobacco amblyopia is the excessive use of tobacco, whether by 
smoking or chewing. The disease is hence found almost exclusively in the 
male sex, and in them not generally until middle life. It would thus appear as 
if the resistance to nicotine diminishes with age. The quantity of tobacco 
which is sufficient to bring on a tobacco amblyopia varies according to the sus- 
ceptibility of the individual, in many cases comparatively small amounts of 
tobacco having sufficed for this purpose. The cheap varieties, which are usually 
richer in nicotine, and also moist tobacco, are more dangerous than the better, 
dry qualities. The abuse of spirituous beverages, which, to be sure, is very 
usual with great smokers, favors the development of tobacco amblyopia; but it 
also occurs in smokers who abstain altogether from alcoholic drinks. 

Treatment consists, first of all, in abstinence from tobacco, and it is prob- 
able that in light cases this alone is sufficient to effect a cure. To accelerate 
the cure we employ iodide of potassium internally or hypodermic injections of 
strychnine or pilocarpine. In addition, we prescribe a suitable regimen for the 
eyes. Recent cases in which middle-sized print can still be read, and in which 
the scotoma has not yet become absolute, afford a good prognosis, since a per- 
fect cure is usually obtained, although one to two months are required for it. 
In older cases, in which even quite large print can no longer be read and the 
scotoma is absolute, a complete cure is for the most part impossible. 

Other toxic agents may like nicotine lead to retro-bulbar neuritis through a 
process of chronic poisoning, and that, too, with symptoms which are the same 
as those of tobacco amblyopia or which are very similar. The most prominent 
agent in this category is alcohol. Besides, I once treated a patient who from 
his youth up had smoked stramonium-leaves in great quantities on account of 
asthmatic attacks, and who from this cause had acquired an amblyopia with a 
central color-scotoma (the man was neither a smoker of tobacco nor a drinker). 
Lastly, in this connection must also be mentioned cases of chronic poisoning by 
lead, by disulphide of carbon (in caoutchouc-factories), by chloral and other 
poisons, and also by diabetes. 

We are indebted for the first anatomical discoveries in regard to chronic 
retro-bulbar neuritis to Samelsohn, who found an interstitial neuritis in that 
portion of the trunk of the optic nerve which lies within the optic canal. The 
inflammation was limited to the fibers of the papillo-macular bundle, whose 
situation and course within the optic nerve it was thus possible to determine. 

STRYCHNINE.—This was first recommended by Nagel for the treatment of 
lesions of the optic nerve. It exerts an excitant action upon the optic nerve, so 
that even in normal eyes it produces a slight, although not permanent, increase 
in the visual acuity and enlargement of the field of vision (Hippel). For thera- 
peutic purposes, a one-half-per-cent solution, of which a quantity equal to one 
half or the whole of the contents of a Pravaz syringe—i. e., as much as 5 mgr. 
[= #5 grain] of strychnine per dose—is injected once a day beneath the skin of 
the temple. It acts best in disturbances of vision unattended by changes visl- 
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ble with the ophthalmoscope, especially in hysterical and neurasthenic forms, 
which, however, generally afford a good prognosis anyway. In serious lesions 
of the optic nerve, as in progressive atrophy, we often obtain with it an im- 
provement in the sight and especially an enlargement of the field of vision; but 
these changes are commonly not permanent. 


IJ. ATROPHY OF THE Optic NERVE. 


104. Atrophy of the optic nerve develops either as a primary affec- 
tion or as secondary to an antecedent inflammation. We accordingly 
distinguish between simple and inflammatory atrophy. 

(a) Simple (primary or genuine or non-inflammatory) atrophy is 
distinguished by the papilla becoming paler, and at length perfectly 
white or bluish-white, and also becoming sharply defined and slightly 
excavated (atrophic excavation; see page 335); the gray dots of the 
lamina cribrosa are visible more distinctly, and over a larger area; the 
more minute blood-vessels of the papilla itself have disappeared, while 
the retinal vessels are not markedly altered (in contradistinction to in- 
flammatory atrophy, in which the latter are narrowed, too). As the 
atrophy increases, the sight is reduced until there is complete blindness. 
The causes of simple atrophy of the optic nerve are: 1. Spinal affec- 
tions, particularly tabes dorsalis, which is by far the most frequent 
cause of the simple form of optic-nerve atrophy. This atrophy usually 
develops in the initial stage of tabes at a time when the ataxic symptoms 
are slight or absent, and the diagnosis of tabes is not yet readily made. 
It is therefore a fact of great value to us that we know two other 
symptoms, which, moreover, usually make their appearance very early. 
One of these symptoms regards the pupil, which no longer reacts to light 
(Argyll-Robertson phenomenon ; page 261), and is generally also greatly 
contracted (spinal miosis; page 308). The other symptom, discovered by 
Westphal, is the absence of the patellar reflex. Spinal atrophy of the 
optic nerve always affects both eyes, although not necessarily both at 
the same time. It advances slowly but surely until there is complete 
blindness, and hence has rightly earned the name of progressive 
atrophy. 2. Among affections of the brain, disseminated sclerosis and 
progressive paralysis of the insane are complicated with atrophy. More- 
over, tumors or other focal affections may induce simple atrophy of the 
optic nerve by compressing the nerve itself or its continuation within 
the skull. In this case the atrophy is propagated gradually from the 
site of the break in the line of conduction down to the intra-ocular ex- 
tremity (descending atrophy). 3. The break in the line of conduction 
may also evidently be located nearer the periphery—i. e., in the orbit 
where the optic nerve may be thrown into a state of atrophy through in- 
flammation or injury or as a result of compression by tumors. 4. In 
many cases of simple atrophy of the optic nerve the cause remains 
obscure. 
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(2) Inflammatory atrophy of the nerve is the form which occurs as 
the final result of a neuritis or a retinitis (neuritic or retinitic atrophy). 
Inflammatory atrophy is distinct from the simple variety in its ophthal- 
moscopic features as well as its origin, because in it the papilla is trav- 
ersed by connective tissue formed by an organization of the exudate. 
In neuritic atrophy the papilla is at first of grayish-white color, and its 
margins are slightly hazy; the veins are very distended and tortuous. 
Afterward the papilla becomes of a pure white or bluish-white, but we 
do not see the lamina cribrosa exposed to view, as in simple atrophy. 
The papilla is now sharply defined, but is often smaller than normal, 
and irregular, as though it had been shrunken; both arteries and veins 
are contracted, and are frequently inclosed within white streaks. In 
retinitic atrophy the papilla looks clouded and of a dirty grayish red. 
Its outlines are faint, and the vessels are greatly thinned, and often 
have entirely disappeared. 

The prognosis of atrophy of the optic nerve is in general unfavora- 
ble. Cases of simple atrophy for the most part lead to complete blind- 
ness. Inflammatory atrophy affords a somewhat better prognosis, since 
the amount of sight which the neuritis or retinitis has left is usually 
permanently preserved. Treatment consists primarily in the manage- 
ment of the causal disease. For the lesion of the optic nerve itself 
potassium iodide, mercurials, injections of strychnine, and the constant 
current applied to the eye itself, are employed; unfortunately, however, 
with but slight success. 

The disturbance of sight in atrophy always affects not only direct vision, 
but also the visual field, which is found to be diminished. Sector-shaped 
defects or concentric contraction of the visual field are the most frequent forms 
under which this occurs. Color-blindness also sets in early: first for red and 
green, and last of all for blue, which color, therefore, is recognized the longest. 
By this circumstance atrophy is distinguished from glaucoma simplex, which 
sometimes shows much resemblance to it, but which is not ordinarily associated 
with color-blindness until late in its course. 

Simple atrophy is found most frequently in middle life. In children it 
almost never occurs; the atrophy of childhood is, as a rule, neuritic. Men are 
more frequently attacked by simple atrophy than women, a fact which is de- 
pendent upon the greater predisposition of the male sex to spinal affections. 

INJURIES OF THE Optic NerveE.—The optic nerve may be injured within 
the orbit by means of penetrating foreign bodies, stab-wounds, shot-wounds 
(particularly those produced by fine shot), etc. As a result of this break in 
the line of the conduction, blindness—partial or complete according to the 
severity of the lesion—is present immediately after the injury. With this there 
are at first no ophthalmoscopic changes that can be demonstrated in the optic 
papilla. It is not until later, after weeks have elapsed, when, the descending 
atrophy has traveled down from the site of injury to the optic papilla, that the 
latter becomes paler and presents the picture of simple atrophy. It is only 
when the optic nerve has been injured so far forward that the central vessels are 
at the same time divided that characteristic ophthalmoscopic symptoms can be 
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made out at once. In such cases there develops immediately after the injury a 
picture analogous to that of embolism of the central artery. The arteries of the 
papilla and retina are bloodless, and the retina soon becomes clouded—a sign of 
its death. 

Indirect injuries of the optic nerve occur not infrequently in consequence of 
injuries of the skull by the impact of a blunt object (a blow or fall upon the 
head, etc.). In such cases there is partial or complete blindness associated 
with the symptoms of a severe injury of the skull (the signs of concussion of 
the brain or of fracture of the base of the skull). Such blindness may be uni- 
lateral or bilateral. It has been demonstrated by the investigations of Hélder 
and Berlin that in these cases we are dealing with indirect fractures of the 
walls, particularly of the upper wall, of the orbit, which fractures are continued 
into the optic canal, so that the optic nerve in the latter is crushed or lacerated. 
Several weeks or months afterward there is developed in the papilla the picture 
of simple atrophy. These cases of blindness are incurable. 

Tumors OF THE Optic NERVE.—The optic nerve may be affected with 
tumor-formation, either primarily or secondarily. The latter most frequently 
happens through the growth of intra-ocular tumors, such as sarcoma of the 
chorioid and glioma of the retina, backward along the optic nerve. Primary 
tumors of the optic nerve are rare. They comprise fibromata and sarcomata 
with varieties (myxosarcoma, psammosarcoma, gliosarcoma, etc.) of the latter, 
springing from the interstitial supporting tissue or the sheaths of the optic 
nerve. Pure neuromata, originating from the nerve-fibers, have up to the 
present time not been observed with certainty in the optic nerve, but there have 
been seen some cases of tuberculous granulation-tumor. Primary tumors of the 
optic nerve begin generally in youth, and grow very slowly. They cause a form 
of exophthalmus, which is distinguished from that occurring with other orbital 
tumors by the fact that the lateral displacement is either entirely absent or is at 
all events insignificant. The mobility of the eye remains good for a compara- 
tively long time; on the other hand—and this is a characteristic sign—blindness 
sets in very early. With the ophthalmoscope we find at first neuritis with the 
venous engorgement particularly marked; afterward atrophy. Treatment con- 
sists in extirpation of the tumor; in doing which we may, under certain cireum- 
stances, leave the eye in its place. 

ANATOMY OF AFFECTIONS OF THE Optic NERVE.—/nflammation of the 
optic nerve starts from its connective-tissue portions—that is from the sheaths 
and the connective-tissue septa. In the sheaths there is found, besides the drop- 
sical condition already mentioned, actual inflammation with a formation of a 
cellular exudate (perineuritis; Stellwag, H. Pagenstecher). Within the trunk of 
the optic nerve the inflammation attacks the septa, which show thickening with 
multiplication of their nuclei (interstitial neuritis), Owing to this, the bun- 
dles of nerve-fibers, which are inclosed by them, are compressed and under- 
going atrophy, are destroyed. Accordingly, in neuritis the nerve-fibers act 
mainly a passive part. 

In engorgement neuritis the inflammatory symptoms are limited to the papilla, 
while the trunk of the optic nerve back of the lamina cribrosa suffers little or no 
change. In the first place, the papilla is found to be greatly swollen by an ac- 
cumulation of cedematous liquid, so that it projects like a mushroom into the 
interior of the eye, and is thickened at its base so as to form an actual tume- 
faction (neuritic swelling, Fig. 90, n). The retina is pushed to one side and 
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thrown into folds by the enlarged optic nerve. Besides the cedema there are 
also found extravasations of blood, swelling of the nerve-fibers, and the evi- 
dences of a scanty cellular infiltration, particularly along the blood-vessels (Fig. 
90, ¢). Later ou the cellular exudation becomes more and more prominent, and 
in the subsequent course of the disease leads to a new formation of connective 
tissue within the papilla, dué to organization of the exudate. By the sub- 
sequent shrinking of the connective tissue the fibers of the optic nerve are 
rendered atrophic, and the picture of neuritic atrophy of the optic nerve is 
produced. We then find in place of the papilla a network of connective-tissue 
strands, and amcag them blood-vessels whose walls are thickened. 

Simple atrophy of the optie nerve occurring in spinal lesions first makes its ap- 
pearance in insular spots; isolated foci of disease, which appear gray upon cross- 
section, showing themselves in the trunk of the optic nerve. In this case we are 
dealing with the same gray degeneration which exists in the posterior columns 
of the spinal cord in tabes. The nerve-fibers lose their white medullary sub- 
stance, and are transformed into extremely minute fibrille, and it is due to this 
fact that the entire tissue acquires its gray and translucent appearance. Between 
the remains of the nerve-fibers are found cells filled with granules of fat; symp- 
toms of inflammation proper, however, are wanting. 

The anatomical condition found in descending or ascending atrophy is 
similar to that occurring in gray degeneration of the optic nerve. The atrophy 
reaches its highest degree in those cases in which the eyeball has been com- 
pletely destroyed, the optic nerve in this instance shrinking in the course of 
time to athin strand consisting simply of connective tissue. 


DISTURBANCES OF VISION WITHOUT APPARENT LESION. 


105. The expressions amblyopia* (weak sight) and amaurosis ¢ 
(absolute blindness) are in use as terms to designate disturbances of 
vision. The former designation is now applied only to those cases in 
which the weakness of sight can not be relieved by suitable glasses. 
For instance, a myope who sees badly with the naked eye, but possesses 
the full amount of visual acuity with the correcting concave glass, is 
not amblyopic but simply myopic. Under the name of amaurosis were 
formerly known those cases of blindness in which the eye had externally 
a normal appearance, so that this designation was equivalent to the 
expression “black cataract” (“schwarzer Staar”). The ophthalmoscope 
has thrown light upon these cases, which are for the most part referable 
to affections of the chorioid, the retina, and the optic nerve. At the 
present day the expressions cerebral amaurosis and spinal amaurosis are 
used in the old sense; those cases being designated by these names in 
which blindness has set in as a result of diseases of the brain and spinal 
cord, while the external appearance of the eye is normal. But the 
word amaurosis is also employed at present in a wider sense as equiya- 
lent to total blindness, even when the eye shows external changes. Thus 
we say of an eye blinded by irido-cyclitis that it is amaurotic. 


* Properly blunt-sightedness, from auBrds, blunt, and éy, sight. 
+ dpavpds, dark. 
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Thanks to the refined methods of examination with glasses, but 
most of all thanks to the ophthalmoscope, it is at present possible in 
most cases to discover the cause of weak sight or of blindness. Never- 
theless, there does remain a small number of cases in which we are un- 
able even now to demonstrate any changes in the eye as a cause for the 
disturbance of vision. In some of these cases of disturbance of vision 
without apparent lesion, the changes are so minute or have such a situa- 
tion that they are not discoverable by our present methods of examina- 
tion. In other cases there are no anatomical lesions whatever, and what 
we have before us is simply the so-called functional affections—i. e., 
altered conditions of circulation and nutrition resulting in disturbance 
of function. 

The most frequent varieties of disturbance of vision without appar- 
ent lesion are: 

1. Congenital Amblyopia.—We assume this to exist in those cases in 
which, according to the account given by the patient, the weakness of 
sight has existed for a long time, and in which all other causes for it 
can be excluded. We are justified in making this assumption when- 
ever other congenital anomalies are also present in the amblyopic eye, 
such as an extreme degree of hypermetropia or astigmatism, coloboma of 
the iris or the deeper membranes, microphthalmus, etc. For experi- 
ence shows that such eyes almost always display a reduction of the 
visual power, which can not be brought to the point of normal vision 
even by the correction of the error of refraction that is present. 

Congenital amblyopia is usually unilateral; the affected eye is then 
very prone to fall into a state of squint. If the amblyopia affects both 
eyes, nystagmus develops (see § 129). 

2. Amblyopia ex Anopsia.*—Amblyopia from non-use occurs when 
there has been present since earliest youth an obstacle to vision in the 
eye, which makes the formation of sharp images upon the retina im- 
possible. In this category belong cases of opacities either of congenital 
origin or acquired early in life, situated in the cornea, lens, or in the 
region of the pupil (pupillary membrane). Amblyopia also develops 
in an eye which has squinted since childhood, because in this case the 
perception of the retinal images in this eye is suppressed, and the eye 
is thus purposely excluded from participation in the act of vision. In 
all these cases, the retina, owing to lack of exercise, fails to attain to 
that delicacy of function which belongs to normal eyes, or the func- 
tional capacity which has been already acquired is lost; but absolute 
blindness never occurs. The function of the retina never again be- 
comes perfectly normal, even if the cause of the visual disturbance is 
done away with either through removal of the optical obstacle to sight 
or through correction of the squint by an operation. 


* From 4, priv., and #y, sight. 
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When—as in an adult man—the development of the retina has once 
been completed, an obstacle to vision may last for many years without 
the retina suffering any harm. ‘Thus cataracts which have formed in 
adults have been operated upon with perfect success twenty years or 
more afterward. : 

Treatment consists in the earliest possible removal of obstacle to 
vision. This rule holds good particularly for the cataracts of child- 
hood, the performance of an operation upon which was formerly as a 
matter of choice put off till the age of puberty, although we may oper- 
ate upon cataract (by discission) in children even at the age of a few 
months with the best results. Exercising of the amblyopic eye is of 
service in bringing up the functional power of the retina. ‘This is par- 
ticularly employed in cases of strabismus, where by bandaging the sound 
eye we force the eye which squints to see (see § 128). 

3. Hemeralopia * (Night-Blindness).—By this term when used in its 
widest sense we understand that condition in which one sees well by 
day, but at night or under feeble illumination from any cause sees poor- 
ly or not at all. This condition is not in itself a disease, but simply a 
symptom which may belong to various diseases. ‘These latter are divided 
into two groups—opacities in the media and diseases of the light- 
perceiving apparatus. The former may excite the symptom of heme- 
ralopia when they occupy the periphery and leave the center free, as in 
the case of peripheral opacities of the cornea and lens. Under brilliant 
illumination, when the pupil is contracted, these no longer fall within 
the area of the latter, while, when the illumination is diminished and 
the pupil is dilated, they project into the pupil and interfere with 
sight. Again when there are slight diffuse opacities distributed uni- 
formly over the entire cornea, the sight is often better when the pupil 
is contracted, because the dazzling due to diffused light is then less. 
The diseases of the light-perceiving apparatus which are associated with 
hemeralopia are those in which the peripheral portions of the retina 
are under-sensitive. In such cases we find the field of vision normal in 
bright daylight but contracted when the illumination is diminished, 
and hence find that orientation and therefore the power of going about 
are rendered difficult at night. This symptom appertains most espe- 
cially to retinitis pigmentosa, but is also sometimes observed in other 
forms of inflammation of the retina and the chorioid. Idiopathic 
hemeralopia, which will be discussed more at length further on, also 
depends upon a lesion of the light-perceiving apparatus, although it is 
impossible to demonstrate any material changes in the latter. 

The symptom opposed to hemeralopia is nyctalopia t—i. e., ae 
condition in which the sight is better at night or in diminished illu- 


* From fépa, day, and &y, sight. 
+ From weé, night, and &y, sight. 
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mination than in bright daylight.. This symptom, too, belongs to two 
groups of diseases which have their seat either in the media or in the 
light-perceiving apparatus—only, in this case the site of the changes is 
just the reverse of that found in hemeralopia. The opacities of the 
media causing nyctalopia are centrally situated (in the cornea, pupil, 
or lens), so that when the pupil is contracted they occupy its entire 
area, but, when upon diminution of the illumination the pupil dilates, 
the peripheral portions which are still transparent can be used for 
seeing. The affections of the light-perceiving apparatus are those in 
which the outlying portions of the ficld vf vision are normal, while 
in the center there is a scotoma. In these cases, to be sure, the visual 
acuity is ordinarily no better with diminished illumination than it is 
in full daylight, but the feeling that central vision is blunted is less 
unpleasant, so that the patient imagines that he sees better in the 
evening. This symptom is most pronounced in tobacco-amblyopia 
(see page 440). 

Besides the above-mentioned cases in which hemeralopia exists as a 
symptom of other changes, there are some in which apparently hemera- 
lopia occurs idiopathically, i. e., without perceptible changes in the eye. 
These are denoted by the name of hemeralopia or night-blindness, in 
the narrower sense of the word. If tests of the vision are made in 
such a case, it is found that, according to the statements of the patient, 
the visual acuity is normal when the illumination is good, but sinks 
with unusual rapidity when the illumination is diminished. If the 
room is darkened, by letting down the window-curtains to such an 
extent that the examining physician can still read medium-sized print, 
the patient will perhaps no longer recognize the large letters, or he will 
even in walking through the room stumble over the chairs which stand 
in his way. A more accurate examination can be made by means of 
Forster’s photometer (see page 28), which in these cases shows a consid- 
erable reduction of the light-sense. If the retina is set in action by 
sufficiently strong stimuli—i. e., by brilliant images—it performs its 
functions normally; but as soon as the stimuli sink below a certain 
limit it no longer reacts toward them, This condition is called torpor 
retine. In it examination with the ophthalmoscope shows no changes 
whatever in the interior of the eye. But in most cases a xerosis of the 
bulbar conjunctiva exists (see page 112); 1. e., we find in the latter 
upon the outer and inner side of the cornea a small rounded or trian- 
gular spot, over which the surface of the conjunctiva looks dry and 
seems as if covered with a fine, whitish foam. Xerosis of the con- 
junctiva has no other connection with torpor retine than that both are 
symptoms of a reduced state of nutrition of the eyeball. 

Hemeralopia originates in a disturbance of nutrition of the retina, 
the real nature of which has not yet been discovered. T'wo chief 
exciting causes for this disturbance of nutrition are known, and heme- 
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ralopia is usually produced by their combined action. Dazzling by a 
bright light is the first of these. Hence, the disease is chiefly observed 
in the spring when the sun begins to shine with greater intensity. Sail- 
ors, when they come under the dazzling sun of the tropics, are frequently 
attacked by the disease. The second, and without doubt more impor- 
tant, cause is a reduction of the general nutrition. The disease 
accordingly is found in people who in general are insufficiently nour- 
ished, as the inmates of workhouses, penal establishments, and orphan 
asylums, and soldiers andsailors (in the latter occurring simultaneously 
with scurvy). In Russia, the disease is found especially during and 
after the long fast at Easter, during which time the people eat no meat ; 
at this time the disease not infrequently appears as an epidemic. 
Furthermore, hemeralopia is sometimes observed in jaundice, in inter- 
mittent fever, in chronic alcoholism, and also in pregnant women. 

The prognosis of hemeralopia is favorable, as the disease usually 
gets well of itself after some weeks or months. It, however, leaves 
behind it a tendency to recurrences which usually make their appear- 
ance in the spring or summer of the years next succeeding. 

The treatment consists in elevating the nutrition by strengthening 
diet and by corroborative remedies and in protecting the eyes from light. 
In the lighter cases, we make the patient wear dark glasses, in the 
severer cases we keep him for several days in a dark room. By this 
treatment an abbreviation of the disease is secured. 

Hemeralopia in conjunction with xerosis of the conjunctiva is also 
found as a precursor of keratomalacia, which likewise must be regarded 
as the consequence of a disturbance of the general nutrition (see § 40). 

4. Amblyopia and Amaurosis of Central Origin.—Disturbance of 
vision may be set up by disease of the brain without there being any 
ophthalmoscopically perceptible changes in the eye, such as neuritis or 
atrophy of the optic nerve. Disturbances of vision of this sort may 
be transient only, even when they amount to absolute blindness. Uremic 
amaurosis (see page 409), which is produced by retention of the urinary 
constituents, affords a good example of this. But in those cases in 
which gross lesions of the brain, such as inflammatory processes or new 
growths, give rise to the disturbance of vision, the latter is permanent, 
and ophthalmoscopic changes, usually under the form of a descending 
atrophy of the optic nerve, are often associated with it later. Disturb- 
ance of vision dependent upon a central cause makes its appearance not 
infrequently under the guise of hemiopia (homonymous or temporal). 


5. A peculiar form of temporary blindness of central origin is the scintillat- 
ing scotoma (scotoma scintillans, amaurosis partialis fugax, or teichopsia*). 
The patient who suffers from it notices that a scintillation attended with feel- 


* From tezxos, wall, and vs, vision, on account of the zigzag lines, resembling 
fortification-walls, often seen on the edge of the scintillating spots. 
29 


450 DISEASES OF THE EYE. 


ings of vertigo appears before his eyes, and that this rapidly increases until 
finaily he can scarcely see at all. Persons who are more accurate observers of 
their sensations usually aver that the scintillation takes its origin from a small 
spot situated not far from the point of fixation, and then gradually spreads over 
a pretty large portion of the field of vision which becomes more and more con- 
tracted as the scintillation extends. The outlines of the scintillating area are 
often formed by a line which runs in and out in a zigzag fashion. After a 
quarter or a half of an hour, the attack abates, the visual field beginning to 
clear up at the point first affected. Scintillating scotoma is usually accompanied 
by headache and sometimes also by nausea, and frequently a regular attack of 
migraine is joined with it. 

The central origin of scintillating scotoma is apparent not only from the 
accompanying and following headache, but also from the fact that it always 
affects both eyes in the same way, and frequently occurs under the form of 
hemiopia—i. e., it occupies but one half (and that, too, the homonymous half ) of 
the field of vision in each eye. The symptoms, on account of their short dura- 
tion, can scarcely be referred to anything but circulatory disturbances, the site 
of which is probably the optical areas of the cortex in the occipital lobes. The 
circulatory disturbance sets up an irritation of the optical elements—an irritation 
which according to the laws of projection is referred to the external world, and 
appears under the form of a colored scintillation, while at the same time the 
perception of peripheral impressions is abrogated. At the beginning of a faint- 
ing attack, too, which in fact is likewise due to circulatory disturbances in the 
brain, symptoms make their appearance which are perhaps identical with scin- 
tillating scotoma ; people averring that everything looks green and blue, or 
scintillates, or grows dark before their eyes. 

Scintillating scotoma is an uncommonly wide-spread affection. If it occurs 
but rarely—at intervals of several years—no significance is attached to it by the 
patient, as it disappears again rapidly, and without leaving any bad results. It 
is only when the symptom is repeated frequently—and it may even recur several 
times a day—that those who are troubled with it come to the physician. Such 
patients allege as the cause of their scintillating scotoma excessive physical or 
mental exertion, straining of the eyes, dazzling light, or a great sense of hunger; 
often, however, no definite cause can be made out. The treatment must be 
confined to opposing the cause of the scotoma. Such treatment consists in 
increasing the general strength, excessive exertion being at the same time 
avoided. A glass of wine drank quickly at the beginning of an attack suffices 
not infrequently to cut it short (in those cases in which it is caused by anemia 
of the brain). Ordinary cases of scintillating scotoma are associated with no 
evil consequences. It is otherwise with those in which other symptoms of cen- 
tral disturbance, such as weakness or paralysis of an extremity, aphasia, etc., 
make their appearance at the same time with the scotoma; here the latter is not 
infrequently the precursor of a serious affection of the brain. 

6. The hysterical disturbances of vision (disturbances occurring in the 
same way in newrasthenia also) are likewise of central origin. There are hys- 
terical amblyopia and hysterical asthenopia. 

Hysterical amblyopia consists in a diminution of the acuity of vision and a 
concentric contraction of the field of vision; not infrequently too there is an 
accompanying color-blindness. The peculiar rapidity with which the nervous 
system becomes exhausted in such patients manifests itself often in their 
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becoming tired quickly during the act of testing the vision and particularly 
during the process of taking the visual field. The longer we examine the visual 
field, the more restricted do we find its limits (Férster). Sometimes the disturb- 
ance of vision amounts to complete blindness. Hysterical amblyopia generally 
exists in both eyes, although for the most part in a different degree. 

The diagnosis of hysterical amblyopia is principally based upon two points. 
The first of these is the absence of any demonstrable changes in the eye which 
might explain the enfeeblement of sight. The second is the lack of that 
agreement between the individual symptoms constituting the disturbance of 
vision, which under other circumstances they would exhibit. Thus, the acuity 
of vision and the extent of the visual field change frequently; the relation of 
the color-limits within the visual field are not in accordance with the rule (see 
page 27); persons whose visual field is unusually contracted still move with per- 
fect security and without stumbling in a space which is not well known to them; 
in fact, even in those who are absolutely blind we sometimes find the same thing 
occur, if they think that they are not observed. It can be seen from these 
statements that it is often difficult to draw the line between simulation and a 
hysterical blindness—i. e., one having an actual existence in the imagination. 
In the latter case there may be other evidences of hysteria or neurasthenia asso- 
ciated with the symptoms of the hysterical amblyopia, which will render the 
diagnosis more certain. 

Hysterical amblyopia chiefly attacks young people, particularly of the female 
sex. It affords a good prognosis as ordinarily a complete cure takes place. The 
disease, however, usually lasts for a long time, often for years. Treatment con- 
sists in the management of the causal lesion, re-enforced locally by hypodermic 
injections of strychnine and the application of the constant current. The 
brilliant results sometimes obtained by the two last-named remedies is, however, 
mainly ascribable to their psychic influence upon the patient when the latter has 
confidence in the treatment and anticipates a cure from it. 

Hysterical or nervous asthenopia* consists in an incapacity of the eye for any 
continuous exertion, in spite of there being good visual power. Some complain 
that after reading or working for even a short time everything becomes covered 
with a cloud, so that the work has to be laid aside. Others, again, allege that 
after pursuing their occupation for a little while, indeed even after reading a 
few lines, they have violent pains in the lids, eyeball, or head, which render the 
continuance of the work impossible (copiopiat hysterica, Férster). When no 
strain is put upon the eyes, there is no trouble; in other cases, however, the pains 
never entirely disappear, or a great sensitiveness to light is constantly present. 

In making the diagnosis, proof must first of all be forthcoming that there is 
no error of the refraction or of the muscular equilibrium to cause the trouble. 
Nervous asthenopia, like hysterical amblyopia, with which it frequently is ass0- 
ciated, is often extremely obstinate, and sometimes for years prevents the patient 
affected by it from engaging in any serious occupation. In it, too, the psychical 
factor plays a great part in the treatment. I have found electricity (galvanization 
of the sympathetic) the most efficient means. Very recently cases have been 
described under the name of dyslexia (Berlin) which might easily be confounded 
with asthenopia. In these cases reading often becomes impossible even after a 


* Prom dobevhs, weak, and &y, sight. 
+ From xorfa, exhaustion, and &y, sight. 
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few words have been read, without there being,any blurring of the print or any 
pain. In several of these cases autopsy has demonstrated the presence of 
disease in the left cerebral hemisphere, more particularly in the neighborhood of 
the third frontal convolution. 

7. Color-blindness.—Color-blindness occurs both as a congenital and an 
acquired affection. The former is not a disease but an imperfection of vision 
dependent upon unknown causes; the latter accompanies many diseases of the 
retina and optic nerve. 

Congenital color-blindness is known as daltonism, after the English physicist 
Dalton, who was himself color-blind, and was the first to describe this defect 
accurately. It may be total, so that no color is recognized, and the external 
world looks gray all over like an engraving; or it may be partial, only a certain 
group of colors being deficient. The former variety is extremely rare; the latter, 
on the other hand, is pretty frequent. Very often it is not complete blindness 
for any special color that exists, but only a rather less marked ability to distin- 
guish one from the other, so that colors are not recognized with the same cer- 
tainty and at the same distance as is the case in the normal eye (weakness of the 
color-sense). There are thus all sorts of transition-forms between normal color- 
sense and total color-blindness. 

The distribution of the cases of partial color-blindness into different catego- 
ries is made in accordance with the theory of color-perception. which is consid- 
ered to lie at their base. In the following considerations we shall first start 
with the Young-Helmholtz theory. This assumes the existence of three funda- 
mental sensations, corresponding to the fundamental colors red, green, and 
violet; and supposes the other color-sensations to originate through a varying 
mixture of the fundamental sensations. Partial color-blindness would then 
consist in the deficiency of the sensation for one of the primary colors, so that 
the color-sensations of the affected individual would be compounded only of 
the other two fundamental colors. According to the fundamental color that is 
deficient we make the distinction between red-blindness, green-blindness, and 
violet-blindness. 

Now, in what way does a color-blind person—for instance, one affected with 
red-blindness—comport himself? We are not to suppose that such a one does not 
perceive red objects at all, or that, if he sees them, they appear perfectly color- 
less. The fact is simply that the sensation which he has in looking at red ob- 
jects is the same as that which green objects excite in him, so that he confounds 
red and green with each other. To understand this, we must for the present 
adhere to the Young-Helmholtz theory. According to this, there are in the 
retina three species of fibers corresponding to the three primary colors. Each one 
of these species of fibers is set into action by all kinds of colored light, but to a 
different degree of intensity. Some fibers are set into action most strongly by 
red rays, less so by yellow, still less by green, and least of all by violet. They 
are hence designated simply as the fibers for the perception of red. The curve 
represented in Fig. 91, A, illustrates the way in which these fibers act. The 
different colors of the spectrum are laid off upon the abscissa, while the ordi- 
nate shows the intensity of the excitation produced by each individual color. In 
analogous fashion the second set of fibers is set into action most strongly by the 
green rays (Fig. 91, B), the third group of fibers most strongly by the violet rays 
(Fig. 91, C). 

Every kind of light affects all three groups of fibers at the same time, and 
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sets them all into action, but with differing intensity, as is shown by Fig. 91, D, 
in which the curves of the three groups of fibers are erected upon the same ab- 
scissa. The red ray, 7", excites most strongly the fibers for the perception of 
red, more feebly those for the perception of green, and least of all those for the 
perception of violet. Under these circumstances we get a sensation of red, be- 
cause the degree of excita- 
tion of the fibers for the per- 
ception of red exceeds that 
of the other fibers. In like 
fashion, a green ray, qr’, 
stimulates the fibers for the ; 
perception of green more Ser 9. ar | on | ae 
strongly than it does the 
other two kinds, and excites 
the sensation of green. An 
analogous statement holds 
good for the sensation of vio- 
let (21). 

Now, a inan afflicted with 
red-blindness presents a con- 
dition differing from this nor- 
mal one, in that the fibers for 
the perception of red are ab- 
sent (Fig. 91, #). If he looks 
at the spectrum it appears to 
him shortened at its red end, 
since he sees only blackness 
at spots where others still 
perceive red. A red ray, 7", 
which falls upon this man’s 
retina sets into action only 
the fibers for the perception 
of green and those for the 
perception of violet—and of 
these the former more.mark- 5 
edly, so that the resultant "Ne ge'ms Tuuony OF VouNG aN HELMmOutZ. 
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green light falls upon the violet, v; the curves which rise above the abscissa 
ins org Jer show graphically the sensitiveness of the three sorts 
Silat the fibers for the eg of fibers in the retina toward rays of different wave- 
ception of green are again lengths. The ordinates, rt, gril, and Vv, indicate the 
: 3 intensity of the stimulation of the fibers produced by 
stimulated more strongly than red, green, and violet rays. A gives bs ree repre- 
7 . arin senting the sensitiveness of the fibers for the percep- 
those for the perce ption of tion of red; B, that of the fibers for the Laie dpe 
vic é agal ‘he sensa- of green; CO, that of the fibers for the perception 0 
o WIG ae oe eee violet. In D, all three curves are represented at the 
tion of green 1S produced. same time. E shows the curves of sensitiveness of a 
Wil } ve have . red-blind eye in which the fibers for the perception of 
lere, then, we have two red are assumed to be wanting. 


different sorts of sensations, 
viz., red and green, a person with red-blindness has two that are similar, namely, 


both green. (The shade of green which appears to most persons with red-blind- 
ness to have the same color as red is that hue of bluish-green which is comple- 
mentary to red.) A person with red-blindness, however, can distinguish these 
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two sensations from each other, for, though similar indeed, they are not quite the 
same. They are distinguished from each other by their difference in brilliancy. 
For let us assume that the red and green rays selected as an example are of the 
same brilliancy to a normal eye. Such an eye can still distinguish them apart, 
owing to their difference in color. The case is otherwise with a red-blind man; 
in him the red ray, in spite of its luminous intensity, causes but slight stimula- 
tion of the fibers for the perception of green, simply because these fibers are in 
any case but slightly sensitive to red rays. The sensation produced by the red 
ray is hence a feeble one, and the color which is seen looks dark. The green 
ray, on the other hand, is perceived in its full brilliancy, because the fibers for 
the perception of green are stimulated by it in the normal fashion. In this way 
it is generally possible for the man with red-blindness to distinguish red from 
green, not indeed by the difference in color, but by their difference in brilliancy. 
This difference, however, between the character of his own sensation and that 
of a man with normal vision usually remains unknown to the color-blind per- 
son. When growing up, he learns the expressions red and green from his asso- 
ciates, certain objects being pointed out to him as red and others as green. He 
is told that the leaves of the cherry-tree are green and the cherries between 
them red. And, as he too notices a difference between the leaves and the cher- 
ries, although it is a difference of brilliancy and not of color, he thinks that he 
sees just as other people do. On account of the sensitiveness to differences of 
brilliancy, which color-blind persons usually possess, they can generally tell cor- 
rectly the color of objects even when they have never seen them before. Thus it 
happens that, in the case of many color-blind persons, neither do they themselves 
know anything of their defect nor are their associates aware of it. A physician 
once came to me who was charged with the task of testing the employés of a 
railroad for color-blindness. He wished to inform himself under my tuition im 
regard to the methods of investigating the color-sense. When I came to show 
him the different tests, it soon turned out that he himself was red-blind. Up 
to that time he had known nothing of this fact, and indeed was quite offended 
at the imputation of being color-blind. It even happens that the color-blind 
carry on occupations which in a peculiar degree demand an excellent sense of 
color; thus there are color-blind painters. 

While with many of the color-blind the defect remains undiscovered during 
their whole life, in others it is disclosed by their committing some gross mis- 
take in the choice of colors, as, for instance, in the case of the tailor who 
wanted to mend a black coat with a patch of red cloth. How does a color- 
blind man commit such mistakes? We have seen above that a man with red- 
blindness distinguishes red and green of equal brilliancy by the fact that the 
former looks darker to him than the latter. If now we gradually diminish the 
brilliancy of the green, we must finally reach a point at which this color looks 
no lighter to the man with red-blindness than does the red which has not been 
altered in brilliancy. At this moment he is deprived of the means of discrimi- 
nating between the two colors, afforded by their difference in brilliancy, and is 
now unable in any way to distinguish the two colors apart. Colors chosen 
upon this principle are hence known as confusion-colors. On account of 
the great sensitiveness of color-blind people to differences in brilliancy, the 
preparation of these confusion-colors requires great care, and is best performed 
by painters who are themselves color-blind, and who keep toning down two 
different colors until they seem to them to be alike. Confusion-colors pre- 
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pared in this way are very well adapted for the detection of color-blindness 
(Stilling). 

What has been said in regard to those affected with red-blindness is also 
true of the other two classes of the color-blind, those affected with green-blind- 
ness and those affected with violet-blindness. The circumstance that is com- 
mon to all people affected with ‘partial color-blindness is that one of the three 
fundamental sensations is deficient. It is not necessary that one of the three 
species of fibers should be completely absent, as, for the sake of simplicity, has 
been assumed in the example above adduced. On the contrary, it is probable 
from various reasons that the excitability of one kind of fibers has simply become 
altered so that its curve is to be imagined as something different from that 
which the plan outlined above presents; the curve of the fibers for the per- 
ception of red, for example, approximating to that of the fibers for the perception 
of green. 

Many authors place Hering’s theory of color-perception at the basis of their 
division of color-blindness. This theory starts from an analysis of the sensa- 
tions which we have in looking at a color. Most colors excite in us a mixed 
sensation. Thus, in orange we see besides yellow a certain amount of red; an- 
other sort of yellow, again, has a tinge of green, etc, Still, among all the shades 
of yellow, there is one in which we can perceive no other color besides yellow; 
this is the pure or primitive yellow. Of such pure colors which excite in us a 
simple, unmixed sensation there are besides yellow only three—namely, pure 
red, pure green, and pure blue. These four primary colors form two pairs, 
namely, red and green and yellow and blue. The two colors of each pair are 
called contrary colors, because they have this peculiarity that they never can 
be perceived at the same time in the same color. We can conceive of a blue 
which affords simultaneously the impression of some green or some red, but 
we can not conceive of one which would also excite the sensation of yellow. 
The contrary colors, therefore, are mutually exclusive, so far as sensation is 
concerned. 

Every color may occur in different degrees of concentration and of brilliancy. 
This depends upon the fact that every color produces in us besides the sensation 
of color also that of white. Colors along with their color ‘‘ valence” have also 
a white ‘‘ valence,” and upon the mutual relations of these two valences depend 
the concentration and brilliancy of the color. The primary colors possess along 
with the white ‘‘ valence” only one color-valence, but the mixed colors possess 
two. Thus, there belong to violet a blue, a red, and a white valence. The way 
in which the action of light upon the terminations of the nerves in our retina 
takes place is that bodies (‘‘ visual substances”’) are present in the latter which 
suffer chemical changes due to the light. Such changes may be of two different 
and indeed opposite sorts, the visual substances being either decomposed (‘‘ dis- 
assimilated ”) or regenerated (‘‘assimilated ”) by the light. The white valence 
which all colors possess depends upon the disassimilative action which they exert 
upon the visual substance for the perception of black and white. In the absence 
of light, assimilation of this substance takes place, so that we have the sensation 
of blackness. Besides the black and white visual substance there are two others, 
namely, a red-green and a blue-yellow substance, as we will call them for short. 
These are not altered by every kind of light, but only by that kind which has 
the corresponding color-valence. Pure red, for instance, would disassimilate 
only the red-green substance, pure green would cause its assimilation, while 
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violet acts both on the red-green and -upon the, blue-yellow substance. If pure 
red and pure green light fall at the same time upon the same spot of the retina, 
it depends upon the proportion between the two whether disassimilation prevails 
over assimilation or the contrary. The resulting sensation consequently is either 
red or green, but never both together. If the two contrary colors are so chosen 
with respect to their quantity that they are in equilibrium in their action upon 
the visual substance, their color-valences are abrogatcd; there only remains the 
action of the two kinds of light upon the black-white substance, so that there 
is a sensation of white of a certain degree of brilliancy. For these reasons, 
therefore, the contrary colors mutually exclude each other in sensation, and when 
mixed in certain proportions afford a sensation of absence of color (i. e., they 
are complementary colors). 

According to Hering’s theory of colors, the cause of color-blindness must be 
conceived to consist in the absence of one or of both of the colored visual sub- 
stances. In the latter case, in which nothing but the black-white visual sub- 
stance is left, total color-blindness exists; all colors now act simply by reason of 
their black-white valence, and hence are perceived as white of different degrees 
of brilliancy (i. e., gray). Absence of the red-green visual substance causes red- 
green blindness, absence of the blue-yellow substance, blue-yellow blindness. 
The former comprises the great majority of cases, namely, those which according 
to the theory of Helmholtz are called red-blind and green-blind. A man with 
red-green blindness sees in the spectrum only two colors, yellow and blue. 
These are separated by a gray space (the ‘‘ neutral” space) which corresponds to 
the pure green. Pure red and pure green act upon the eye affected with red- 
green blindness only with their white valences and hence both appear gray, on 
which account they are by such an eye confounded with one another. Mixed 
colors undergo an alteration of their tone, inasmuch as of their two color- 
valences but one comes into play. 

By far the most frequent form of congenital color-blindness is red-blind- 
ness (according to Hering, red-green blindness). It occurs, as observations upon 
a great number of men have shown, in from three to four per cent of the male 
population. In women color-blindness is much more rare, perhaps because their 
color-sense undergoes a sort of education through their having such frequent 
occasion to be busy with colored objects (in making dresses, etc.). 

Color-blindness entails no disadvantage upon those who are troubled with it 
beyond rendering them less fit for the performance of certain callings. Among 
these are all those occupations which require exact discrimination of colors, e. g., 
that of the painter, the dyer, etc. Recently particular attention has been called 
to the fact that the railroad and nautical service also require an accurate sense 
of color. The signals used on railroads or ships are most frequently red or 
green, which are just the colors that are confounded by most color-blind _per- 
sons; in this way accidents might be caused. For this reason the employés 
upon railroads and sea-going vessels are at present in most countries tested 
with reference to their color-sense, and their entry into the service is made con- 
ditional upon the proof that their color-sense is perfect. 

The demonstration of the existence of color-blindness requires accurate and 
cautious testing. Many of the color-blind who are aware of their defect try to 
conceal it from the examiner, especially if some material advantage such, as, for 
instance, a business position depends upon the result of the testing. Accord- 
ingly, in the case of such persons we must be on the lookout for all sorts of 
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artifices, and particularly on the lookout for previous practice in the ordinary 
methods of testing the color-sense. On the other hand, people with a good 
color-sense might be considered to be color-blind if from want of imagina- 
tion or practice they designate the colors that are set before them by incorrect 
names. We should not, therefore, undertake to test the color-sense by setting 
colored objects before the person and asking him the name of the color. 
If we do so, the man who is color-blind will in many cases by using a little 
attention give the right answer, while, on the other hand, an uneducated man 
will not infrequently call the colors wrong. The test is better performed by 
placing before the person under examination those colors which according to 
experience color-blind persons readily confound with each other, and by then 
seeing whether mistakes are actually committed. For this purpose a large 
assortment of colored worsteds are the best adapted (Seebeck, Holmgren). 
One of the worsteds is set before the person to be tested, and he is asked to 
place with it all the worsteds that look like it. If, then, samples of different 
and indeed quite dissimilar colors are placed together—for instance, gray and 
red with green—these give the special confusion-colors of the person under ex- 
amination, and make it possible to determine the kind of color-blindness that 
he has. Some have had embroidery patterns to serve as test objects made out 
of those worsteds the colors of which are most frequently confounded (Daae, 
Reuss). Colored papers or powders may also be employed instead of worsteds. 

The test most in use besides Holmgren’s worsted test is the pseudo-isochro- 
matic diagrams of Stilling. These consist of patterns arranged like a chess- 
board and composed of squares of different colors, which are disposed so as to 
form letters or figures. The colors of the squares are selected by the aid of a 
color-blind painter so as to correspond to the confusion-colors of a man who is 
color-blind. To the latter, then, all the squares appear of the same color, so 
that he can not recognize the letters or figures formed by them. 

For the scientific examination of the color-blind, the spectroscope is indis- 
pensable. By its aid we determine whether the color-blind man sees the 
spectrum shortened at one of its two ends, and what colors he can distinguish 
in it. Furthermore, by means of the apparatus we show him isolated portions 
of the spectrum and make him tell, both by naming the colors and by compar- 
ing them with specimens of other colors, how the different parts of the spec- 
trum look to him. For a quantitative determination of the color-sense, the 
method of Donders, Weber, Wolffberg, and others is adapted. Here small 
disks of colored paper upon a background of black satin serve as_test-objects. 
When the color-sense is normal, disks of a definite size must be recognized at a 
definite distance, which to be sure is different for the different colors. The 
weaker the color-sense of the person under examination, the nearer must he 
get to be able to tell the color correctly, even supposing that he recognizes it at 
all. The distance at which the color begins to be recognized gives the intensity 
of the color-sense for the color in question. Instead of colored paper we may 
use colored glasses which are lighted from behind. These last tests (lantern- 
tests) approximate nearest to the conditions which are present in the railroad 
service. 

Many other methods of testing the color-sense have been proposed, all of 
which are of use, as in doubtful cases we can arrive at definitive results only by 
means of numerous corroborative experiments. Only one of them need be 
mentioned here, namely, the tissue-paper test of Meyer. If a border of gray 
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paper is placed upon red paper it, appears to'have the complementary color of 
its background (that is, green). This is particularly apparent when the whole is 
covered with a sheet of tissue-paper. A color-blind man, who does not recog- 
nize the color of the paper forming the background, will also fail to tell cor- 
rectly the complementary color of the border. 

It is impossible to cure congenital color-blindness. 

Acquired color-blindness is a frequent symptom of affections of the light- 
perceiving apparatus—that is, of the retina, of the optic nerve, and even of the 
central terminations of the optic tracts. It seems in fact that there is a special 
center for the color-sense in the occipital cortex, after the destruction of which 
the perception of colors is lost, while the power of differentiating forms—the 
space-sense—remains intact. Affections of the optic nerve, particularly its 
atrophy, are, however, by far the most frequent cause of disturbances of the 
color-sense. Such disturbances are never absent when once the visual acuity has 
become considerably reduced as a consequence of the affection of the optic 
nerve. In these cases the color-blindness does not set in suddenly, nor for all 
the colors at once; but first and very gradually the perception of green and red 
is extinguished, then that of yellow, and last of all that of blue. Acquired 
color-blindness may therefore be utilized for purposes of diagnosis. If the 
sight is impaired simply by dioptric obstacles (e. g., by opacities in the cornea 
and in the lens), the perception of color remains intact, even when the general 
features of objects can no longer be recognized; but as soon as the color-sense 
proves to be defective, an affection of the light-perceiving apparatus must be 
assumed to exist. (For the color-sense in the periphery of the visual field, 
cf, page 27 and Fig. 14.) 


CHAPTER: XII. 
DISEASES OF THE LIDS. 


ANATOMY AND PHYSIOLOGY. 


106, THE lids (palpebre *) are, according to embryology, folds of 
the external skin, which push their way over the eyeball to cover and 
protect it. The boundaries of the upper lid are formed by the eyebrow 
(supercilium), but the lower lid passes without any sharp line of di- 
vision into the cheek. The lids bound the palpebral fissure, at the two 
extremities of which (the angles of the eye) they unite. The external 
angle of the eye (canthus externus) runs out to a sharp point; when 
the lids are drawn apart there is put upon the stretch a delicate redu- 
plication of skin (the external commissure), connecting the upper and 
lower lids in this situation. The inner angle of the eye, on the con- 
trary, presents a horseshoe-shaped notch, at the bottom of which lies 
the caruncle (Fig. 24, (). The mean width of aperture of the palpe- 
bral fissure varies with the individual. On an average, the fissure 
opens so far that, with the ordinary way of looking, the upper lid covers 
the uppermost part of the cornea, while the lower lid leaves the lower 
margin of the cornea free. ‘The shape and width of the palpebral fis- 
sure are of the greatest influence upon the expression of the eye. Eyes 
which have the reputation of being large and beautiful are generally not 
really large eyeballs, but eyes with a wide-open palpebral fissure. So, 
too, the expression of the laity that “the eye is smaller” usually has 
reference not to an actual diminution in the size of the eyeball, but to 
the slighter degree of opening of the palpebral fissure. 

The skin covering the lids is about the thinnest in the human body. 
As, moreover, it is but very loosely attached to its bed through the 
medium of a lax and non-fatty connective tissue, it can very readily be 
made to shift its position. For the same reason it can readily fold up 
and stretch out again, as the lids open and shut. In old people it is 
thrown into numerous wrinkles. Because of the ease with which it is 
displaced, it is readily distorted by cicatrices in its vicinity, so that 
ectropion cicatriciale is produced. So, too, on account of the laxity of 
its attachment, it is very prone to be affected by extensive ecchymoses 


* From palpare, to stroke. 


460 DISEASES OF THE EYE. 


and edema. It is only in the neighborhood of the free border of the 
lid that the skin is closely united to the subjacent tarsus by rigid con- 
nective tissue. This free border of the lid forms a narrow surface 
which looks downward in the upper lid, upward in the lower ld (7, 7, 
Fig. 19). When the lids are closed, these two surfaces are adjusted to 
each other with perfect accuracy, so that, with the assistance afforded 
by their lubrication with the secretion of the Meibomian glands, they 
are able to keep the lachrymal fluid in. When we open the lids forcibly 
in people affected with lachrymation and blepharospasm, we not infre- 
quently see spurt from the eye a stream of tears which had been kept 
in by the closed lids—a proof that the closure of the lids is water-tight. 

The lines along which the surfaces of the free border of the lids is 
reflected onto the anterior and the posterior surface, respectively, of the 
lid are called the anterior and posterior margins of the lids (Fig. 92, v 
and h); the narrow surface lying between them is the intermarginal 
strip. The antericr margin of the lid is rounded off, and has jutting 
from it the eyelashes (cilia), which are arranged in several rows one be- 
hind the other. The cilia upon the upper ld are larger and more 
numerous than upon the lower. The posterior margin of the lid, 
where the free border of the lid passes into the conjunctival surface of 
the latter, is sharp. Directly in front of it les a single row of small 
puncta, the orifices of the Meibomian glands (m, Figs. 92 and 93). 
Between these and the cilia runs a fine gray line which divides the in- 
termarginal strip into two parts (7, Fig. 93). The description here 
given of the structure of the lid answers for its whole extent as far in- 
ward as the spot where the punctum lacrimale is situated, a spot the 
position of which corresponds to the inner extremity of the tarsus (p, 
Fig. 93). 

On everting the lids we get a view of their posterior surface, which 
is covered with the conjunctiva. This is intimately adherent to the 
tarsus, and, particularly in the upper lid, allows the Meibomian glands 
situated in the tarsus to show through clearly. 

The movements of the lids are performed in the following way: In 
opening the eye the upper lid is raised by the levator palpebre supe- 
rioris, while the lower lid sinks by its own weight, although it does so 
but very little. Simultaneously with the elevation of the upper lid the 
skin of the lids, along the line corresponding to the upper border of the 
tarsus to which the skin is quite intimately adherent, is drawn far in 
between the eyeball and the upper margin of the orbit. In this way 
there is formed a furrow, over which the lax skin of the lid hangs down 
under the form of a fold (covering-fold, d, Figs. 19 and 92). In many 
cases this is so large as to reach down beyond the free border of the lid, 
and thus cause disfigurement (ptosis adiposa; see $114). With regard 
to the closwre of the lid, we must distinguish between moderate closure, 
such as takes place during the act of winking and in sleep, and the 
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process of screwing the lids tightly together. In the former the upper 
lid sinks by its own weight, while the lower lid is raised, although 
quite imperceptibly, by the orbicularis muscle. Contact of the free bor- 
ders of the two lids does not take place throughout their whole extent 


Fia. 92.—PERPENDICULAR SECTION THROUGH THE UPPER Lip. Maeniriep 5x1. 

The skin of the lid presents in the upper part, above a sulcus, the covering fold, d; below, it 
covers the anterior edge of the lid, v. In the skin are found fine hairs, e, e, sweat-glands, a, 
cilia, c, c, c. and in the neighborhood of the latter Zeiss’s glands, z, and the modified sweat- 
glands, s. Beneath the skin lie the transversely divided bundles of fibers of the orbicularis, 
0, 0, of which those placed most internally, 7,7, form the musculus ciliaris Riolani. The 
posterior surface of the lid is covered by conjunctiva which at the fold of transition, b, 
shows an adenoid character, but over the tarsus, t, shows papillse, especially where it cor- 
responds to the convex border, co, of the tarsus. The Meibomian glands, g, have their ori- 
fices, m, in front of the posterior edge, h, of the lid; above them lie Waldeyer’s mucous 
glands, w, and still higher Miiller’s musculus palpebralis superior, », and the levator palpe- 
bree superioris, /. From the latter the leash of fibers, f, passes to the skin of the lid. as is 
the arcus tarseus superior ; ai, the arcus tarseus inferior ; from the latter the rami per- 
forantes, rp, run, at first straight downward, then backward, through the tarsus. 


at once, but begins at the external canthus and keeps on taking place 
progressively toward the internal canthus. Because of this fact, the 
lachrymal fluid which the lids may be said to remove from the surface 
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of the eyeball is propelled along in the ‘palpebral fissure, as it closes, 
toward the inner canthus, and thus arrives at the punctum lacrimale. 
When the lids become closed in sleep the eyeball also performs a moye- 
ment, rolling upward. Any one, when he is fighting against sleep and 
his lids are shutting together, can feel that the eyes are being drawn 
up as by an invisible force. In persons with thin lids (women and 
children) we can recognize the convex cornea through the upper lid, 
and determine that it is directed upward beneath the closed lids. 
It is still easier to do this in cases of staphyloma of the cornea. This 
behavior on the part of the eyeball is important, inasmuch as the pro- 
tection of the cornea by the upper lid is thus provided for, even when 
the palpebral fissure is not completely closed in sleep. It is not till 
lagophthalmus reaches quite a high degree that a portion of the cornea 
remains constantly visible in the palpebral fissure; and this portion 
is, in fact, always the lowest part of the cornea, which consequently 
is most exposed to the danger of undergoing desiccation (keratitis e 
lagophthalmo; see page 161). 

The act of screwing up the eyes consists in this, that not only are 
the lids closed, but also the skin in the vicinity is drawn in toward the 
palpebral fissure, and is thus thrown into numerous folds. 

Winking can be performed voluntarily, but usually results through 
reflex action, which is excited by the sense of dryness in the eye or by 
the presence of foreign bodies—dust, smoke, etc. It is produced by 
means of the trigeminus, which is the sensory nerve of the eye and its 
vicinity, and is hence rightly called the sentinel of the eye. The effect 
of winking is threefold: It covers the surface of the eyeball with a uni- 
form layer of lachrymal fluid, and hence prevents its desiccation ; it 
carries the dust away from the eye; and, lastly, it propels the lachrymal 
fluid toward the inner angles and into the puncta. Hence, interference 
with winking entails serious disturbance. Epiphora develops, since the 
tears, instead of entering the puncta, run over the border of the lower 
lid and down upon the cheek, and the cornea becomes diseased because 
it is neither properly moistened nor cleansed from the dust which falls 
upon it. 

Dissection of the lids presents the following structural conditions: 
In the lids are found two voluntary muscles, the orbicularis (sive 
sphincter palpebrarum) and the levator palpebre superioris. The orbic- 
ularis lies directly beneath the skin of the lid to which it belongs; it 
is nothing but a flat expanded cutaneous muscle which surrounds the 
palpebral fissure in the form of a circle. We can distinguish it in two 
portions, an internal and an external. The internal portion lies in the 
lids themselves, and is thence called the palpebral portion (portio palpe- 
bralis). Its fibers (H, Fig. 93) originate from the internal palpebral 
ligament, the ligamentum canthi internum. This is a firm, fibrous 
ligament (7) which is attached to the frontal process of the superior 
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maxilla (/’), and lies directly beneath the skin of the internal angle of 
the eye. Hence, it is visible even in the living, especially in lean per- 
sons with thin skins, when the eyelids are drawn outward, as a conse- 
quence of which the internal palpebral ligament projects and bulges 
the skin forward. From the internal palpebral ligament the fibers of 
the palpebral portion run in arches over the anterior surface of the 
two lids, covering them from the free border of the lids to the margin 
of the orbit, and finally meeting at the outer side of the palpebral fis- 
sure. Here they partly unite with each other and partly are inserted 
into the external palpebral ligament (the ligamentum canthi externum ; 
le, Fig. 93), which is here situated. The external portion of the orbic- 
ularis is the orbital portion (portio orbitalis). It lies outside of the 
palpebral portion, upon and in the vicinity of the margin of the orbit. 

The palpebral portion moves only the lids themselves, and is the 
only part that comes into play in the ordinary act of winking as well 
as in the moderate closure of the palpebral fissure. The orbital portion 
contracts the skin in the vicinity of the lids, and thus makes it possible 
to squeeze or screw the lids firmly together, in which act, therefore, the 
entire orbicularis participates. 

The levator palpebre superioris arises at the bottom of the orbit 
from the circumference of the optic canal, and from this point runs 
forward, lying as it does so upon the superior rectus. Spreading out 
in the form of a fan, it is attached by means of a short tendon to the 
upper margin and the anterior surface of the tarsus of the upper lid 
(7, Fig. 92). Besides this striated levator muscle of the lid, there is 
also an organic muscle discovered by Heinrich Miller, and called the 
musculus palpebralis superior. The smooth fibers of this arise from 
between the striated fibers of the levator, along the under surface of 
which they too run to the upper margin of the tarsus (p, Fig. 92). An 
analogous bundle of smooth muscular fibers also exists in the lower hd, 
where it lies to the lower side of the inferior rectus, and is attached to 
the tarsus of the lower lid (musculus palpebralis inferior of Miller). 

The orbicularis is innervated by the facial nerve, the levator by the 
oculo-motor nerve, and the two palpebral muscles of Miiller by the 
sympathetic. 

At the free border of the lids there are found, at a spot correspond- 
ing to the cilia, hair-follicles and the sebaceous glands (here called 
Zeiss’s glands; z, Fig. 92) connected with them. Moreover, close to the 
margin of the free border of the lids, sweat-glands occur, the structure 
of which vary somewhat from that of the ordinary sweat-glands, for 
which reason they are designated under the name of modified sweat- 
glands or Moll’s glands (s, Fig. 92). They empty into the glands of the 
ciliary hair-follicles. 

The tarsus (¢, Fig. 92) forms, so to speak, the skeleton of the lid, 
giving it rigidity of form and affording it firm support. The tarsus of 
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the upper lid is broader (higher) than that of the lower. In the tarsus 
are distinguished a free and an attached (convex) border, and also an 
anterior and a posterior surface. The fibers of the orbicularis (0, Fig. 92) 
lie upon the anterior surface, while the posterior surface is covered by 
the conjunctiva. The two extremities of the tarsus are continuous with 
the external and internal palpebral ligaments. To the convex border 
of the tarsus is attached a fascia which runs from it to the margin of 
the orbit, and upon either side is connected with the palpebral liga- 
ments (fascia tarso-orbitalis). | Hence, when the lids are shut the orbit 
is closed in all over anteriorly by fibrous structures which together form 
the orbital septum, namely, the two tarsi in conjunction with the fascia 
tarso-orbitalis and the two palpebral ligaments. 

The tarsus consists of fibro-cartilage, in which are imbedded the 
Merbomian glands (g, Fig. 92). These are elongated acinous glands, 
which, lying parallel with each other, traverse the tarsus from its at- 
tached to its free border. They are longest in the middle of the tarsus, 
where the latter attains its greatest height, and grow progressively 
shorter toward the edges of the tarsus. In their essential character the 
Meibomian glands are nothing but large sebaceous glands. Like the 
latter they secrete sebum, which lubricates the edges of the lids. By 
this the overflow of tears over the free border of the lids is hindered; 
the closure of the palpebral fissure is rendered water-tight; and, lastly, 
the skin of the border of the lid is protected from maceration by the 
tears. Acinous mucous glands are frequently found near the convex 
border of the tarsus (Waldeyer, w, Fig. 92). 

In accordance with its anatomical structure, the lid can be readily 
divided into two parts. The anterior or cutaneous portion contains 
the skin, together with the cilia and also the fibers of the orbicularis. 
The posterior or conjunctival portion consists of the tarsus with the 
Meibomian glands and of the conjunctiva. The two portions are joined 
together simply by loose connective tissue, and can therefore be very 
readily separated from each other. For this purpose we only need to 
make a puncture in the gray line which runs between the cilia on the 
one hand and the orifices of the Meibomian glands on the other. ‘The 


EXPLANATION oF Fic. 93.—The nasal wall of the orbit is formed by the lamina papyracea 
(os planum) of the ethmoid, L, the lachrymal bone, 7’. and the frontal process, F, of the su- 
perior maxilla. The last two bones bound the fossa sacci lacrimalis, in which lies the lachry- 
mal sac, S. The bony walls of the orbit are coated by a periorbita (periosteum), ds from. which 
the palpebral ligaments take their origin. The internal palpebral ligament, l, divides into a 
anterior limb, a, and a posterior limb, h, which together inclose the Jachrymal sac. From the 
posterior limb arise the fibers of Horner’s muscle. H. le, external palpebral ligament ; fi and 
fe, the slips of fascia, likewise originating from the periosteum, going to the internal rectus 
muscle, J, and the external rectus, HE. The skin, N, of the dorsum of the nose passes into the 
lower lid, at whose free border are seen the cilia and the orifices of the Meibomian glands, m5 
between the two extends a gray line,i. At the inner extremity of the lid lies the tee 
punctum lacrimale, », and farther along in the conjunctival sac the caruncle, c, and the p ia 
semilunaris, n. From the eyeball, the lower half of which is exhibited, the lens and along ge a 
it the vitreous humor have been taken out, and the pigment-epithelium has been removed by 
penciling. The anterior chamber, k, the iris, 7, and the ciliary body. consisting of the corer 
ciliaris, c,, and the orbiculus ciliaris, or, are visible. Back of the ora serrata, O, is the ce siti 
with its veins which are aggregated into vortices, v. jf, fovea centralis retinge ; c,,, central ves- 
sels of the optic nerve, O, entering it at e. 
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division of the lid into its two layers forms an important part of many 
operations for trichiasis. 


The ligamentum canthi internum requires a more precise description than 
that given above. It arises from the frontal process of the superior maxilla (7, 
Fig. 93) and first passes straight outward, skirting the anterior wall of the 
lachrymal sac (S). Then it bends back, winding about the anterior and exter- 
nal walls of the lachrymal sac, and runs backward to the crista lacrimalis 
posterior of the lachrymal bone (7). We accordingly distinguish in the inter- 
nal palpebral ligament two branches, which meet at the point where it bends 
backward. The anterior branch (a) is situated directly beneath the skin, and 
hence is visible in the living subject; the posterior branch (/), which starts from 
the point of reflection and extends to the crista lacrimalis, can be brought to 
view only by dissection. The two branches together with the lachrymal bone 
(T) bound a space, triangular on cross-section, in which lies the lachrymal sac, 
the walls of the latter being united by loose connective tissue with the inner 
surface of the ligament. Into the external surface of the ligament are inserted 
the fibers of the palpebral portion of the orbicularis. One portion of the fibers 
of the latter springs from the anterior, another portion from the posterior branch 
of the ligament. The latter fibers, whose insertion is in part continued out be- 
yond the posterior extremity of the ligament upon the inner wall of the orbit, 
are called Horner’s muscle* (4), after their discoverer. The insertion of the 
fibers of the orbicularis into the internal palpebral ligament is of significance for 
the conduction of tears. When these fibers contract, they draw up the liga- 
ment, and hence also draw up indirectly the wall of the lachrymal sac which 
the ligament incloses. By means of this the sac is dilated, and is thus enabled 
to draw the tears toward it by a sort of suction-process. This, then, is a fac- 
tor which we must take into account in considering the part which the closure 
of the lids plays in the conduction of the tears. 

The ligamentum canthi externum (c), Fig. 98) is neither as large nor as 
sharply defined as the ligamentum internum. It is represented simply by a 
rather pronounced accumulation of connective tissue in the substance of the 
orbicularis, a sort of inscriptio tendinea of the latter. 

he fibers of the orbicularis fuse with the anterior surface of the tarsus. In 
the neighborhood of the free borders of the lid there are some bundles which 
lie near the inner margin of the lid, partly in front or partly behind the excre- 
tory ducts of the Meibomian glands (musculus ciliaris Riolani sive subtarsalis ; 
PTs Wig 92). 

The Ulood-vessels of the upper lid arise from two arterial arches, the arcus 
tarseus superior and inferior (as and ai, Fig. 92), which run along the upper 
and lower margins of the tarsus. From them fine twigs are given off to all 
parts of the lid. The most vascular portions are the free border of the lid and 
the conjunctiva (cf. page 32). 

The veins of the lids are still more numerous and of wider caliber than the 
arteries. They form, beneath the upper and lower folds of transition, a thick 
plexus, which even in the living subject can be seen in this situstion shining 
through the conjunctiva of the fornix when the lid is everted. The veins 
of the lids in part empty into the veins of the forehead, in part into the 
branches supplying the ophthalmic vein. The latter set, in order to reach to 


* [The tensor tarsi of many anatomists.—D.] 
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the veins of the orbit, must pass between the fibers of the orbicularis. Hence, 
permanent contraction of the orbicularis, such as occurs in blepharospasm, may 
lead to engorgement of the veins, and consequently to edema of the lids, a re- 
sult which, in fact, we very frequently observe, especially in children with 
conjunctivitis lymphatica and coincident blepharospasm. 

The lymphatic vessels of the lids are abundant, especially in the conjunctiva. 
Furthermore, lymph-spaces of larger size (periacinous spaces) are found about 
the acini of the Meibomian glands. The lymphatic vessels of the lids run to the 
lymphatic gland situated in front of the ear, which, consequently, is not infre- 
quently found to be swollen in affections of the conjunctiva (particularly in 
conjunctivitis lymphatica and acute blennorrhcea). 

That part of the cornea and of the scleral conjunctiva which ordinarily is 
not covered by the lids is called the interpalpebral zone. Since in this situation 
the eyeball is deprived of the protection of the lids, it is particularly exposed 
to many sorts of disorders, and it is therefore important to know its situation. 
This situation changes according to circumstances, namely, in the following 
way: 1. In the ordinary way of looking the interpalpebral zone comprises 
the entire cornea, with the exception of its extreme upper part, and a corre- 
sponding large triangular area of the conjunctiva on both sides of the cornea. 
2. When the eyes are a little screwed together—e. g., when we are walking in 
the face of the wind or rain or in the midst of smoke—the interpalpebral zone 
diminishes in size, and at the same time is depressed so as to occupy the lower 
half of the cornea. The lower lid is raised a little and covers the extreme lower 
part of the cornea, and the upper lid drops a good deal, so that its border lies only 
a little above the center of the cornea. Then the interpalpebral zone forms upon 
the cornea a zone from four to six millimetres in breadth which occupies 
the lower half of the cornea, with the exception of its extreme lower part, and 
with which there is connected on either side a very small triangle of scleral 
conjunctiva. Whe interpalpebral zone as thus defined is the part which more 
than any other is constantly exposed to external injuries. Hence, in many men 
we find this portion of the scleral conjunctiva somewhat injected all the time, 
and later on in life we find it occupied by the pinguecula. In this spot are 
developed pterygium, zonular opacity of the cornea, and xerosis of the con- 
junctiva and cornea. In inflammations of the conjunctiva this division of the 
latter is frequently distinguished by being somewhat more swollen than the rest, 
or it may even protrude into the palpebral fissure under the form of a trans- 
versely placed, very edematous swelling. 8. When the eye is turned upward 
in sleep the interpalpebral zone is displaced upon it, so as to occupy mainly the 
scleral conjunctiva beneath the cornea, and at most the extreme lower por- 
tion of the latter. Affections within the confines of the interpalpebral zone as 
thus defined are found when the palpebral fissure is kept open during sleep, and 
hence mainly in lagophthalmus, in which the conjunctiva beneath the cornea is 
found injected or cedematous, and in which, when the affection is of greater 
extent, the lowermost division of the cornea also suffers damage. The same 
turning upward of the eyeball that occurs in sleep takes place also upon the 
approach of anything endangering the eye, for which reason injuries by burns 
and caustic substances affect principally the extreme lower portion of the 
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I. INFLAMMATION OF THE SKIN OF THE LIDS. 


107. In the skin of the lids we find almost all those diseases which 
appertain to the skin in general. With regard to them, therefore, refer- 
ence must be made to the text-books on skin diseases. In this place 
affections of the skin of the lids will be considered only so far as they 
are of comparatively frequent occurrence in the lids, or when, in conse- 
quence of the peculiar anatomical structure of the latter, they present 
some special features in their course and their results. 


1. Exanthemata. 


Among the acute exanthemata erysipelas must be mentioned first. 
If this attacks the skin of the face, the lids participate very markedly 
in the inflammation, so that they are very greatly swollen, and the pa- 
tient for several days together can not open hiseyes. Not infrequently 
the erysipelatous process penetrates under the guise of a phlegmonous 
inflammation into the deeper parts, so that abscesses are produced in 
the lids or even in the orbit itself. In the latter case, implication of 
the optic nerve may occur, and, by transmission of the suppuration to 
the cranial cavity, meningitis may take place and lead to a fatal issue. 

Herpes zoster is an affection of the skin which consists in the forma- 
tion of vesicles along the terminal expansions of a nerve. Among the 
cerebral nerves the trigeminus is the one in whose area of distribution 
this affection occurs. The efflorescences are then found in the vicinity 
of the eye, for which reason herpes of the trigeminus is known as her- 
pes zoster ophthalmicus or zona ophthalmica. 

Violent neuralgic pains in the course of the trigeminus usually pre- 
cede for some days the outbreak of herpes. Then the exanthem makes 
its appearance, with accompanying febrile symptoms—vesicles, which 
for the most part are arranged in groups, starting up upon the reddened 
skin. The vesicles most frequently-occupy the region of distribution 
of the first branch of the nerve, so that they are found upon the upper 
lid, upon the forehead as far as the scalp, and also upon the nose. 
When the district supplied by the second branch of the trigeminus is 
affected, the vesicles are situated upon the lower lid, over the superior 
maxillary region as far down as the upper lip, and over the region of 
the malar bone. Sometimes the terminal expansions of both branches 
are affected simultaneously, while it is extremely rare for the region of 
the third branch to be involved. 

At first the vesicles contain a limpid fluid, which soon becomes 
cloudy and purulent, and finally dries up into a crust. If this is re- 
moved, an ulcer is found beneath it, a proof that the suppuration has 
penetrated into the corium. After the ulcer heals, cicatrices remain 
which are visible during the whole life, and by their characteristic 
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arrangement render it possible to diagnosticate the previous existence 
of a herpes zoster even years afterward. By this formation of cica- 
trices the vesicles of herpes zoster are distinguished from those of her- 
pes febrilis, in which the epidermis alone is detached by the fluid, so 
that they heal without leaving any trace of their existence behind (see 
page 169). . 

The affection of the skin is very frequently complicated with an 
analogous affection: of the cornea, upon which smull vesicles likewise 
form. By the presence of such a complication the prognosis of herpes 
zoster is rendered essentially worse; for, while in uncomplicated cases 
the disease entails no bad consequences further than the small cicatrices 
upon the skin, it not only lasts much longer when the cornea is impli- 
cated, but also often leaves behind permanent corneal opacities. 

An inflammatory affection of the trigeminus, which is located either 
in the trunk of the nerve itself or in the Gasserian or ciliary ganglion, 
les at the bottom of herpes zoster ophthalmicus. By what means the 
inflammation of these structures is produced remains in most cases 
unknown. 

The treatment of herpes zoster is purely symptomatic. We avoid 
opening the vesicles, as by doing so the raw surface of the skin would 
be exposed and pain would be excited. To prevent this we sprinkle 
the affected spots with dusting powder (rice-starch) which causes the 
vesicles to dry up into crusts, beneath which the ulcers can heal undis- 
turbed. The affection of the cornea is to be treated according to the 
ordinary rules. For the affection of the nerve itself the internal admin- 
istration of salicylic acid is said to be of service (Leber). 

Among the chronic exanthemata affecting the lids, eczema is the 
most frequent. It is found particularly under the form of moist eczema 
in children, when it is given the name of crusta lactea (milk-crust, tet- 
ter). In children it forms the most frequent concomitant of conjunc- 
tivitis lymphatica. The connection between the eczema and the con- 
junctivitis is either that the two owe their origin to the same disease, 
scrofula, or that the eczema is the result of the conjunctival affection ; 
for, as the latter is associated with profuse lachrymation, the lids are 
kept constantly moist with the overflowing tears, and thus become ec- 
zematous. Moreover, children have the habit of rubbing the eyes with 
the hands, and by means of this the whole vicinity of the eye is made 
wet with the lachrymal fluid. A similar eczema due to a permanent 
wetting of the skin also occurs frequently in adults when they suffer 
from epiphora in consequence of catarrh, blennorrhwa of the lachrymal 
sac, or ectropion ; the eczema is then localized upon the lower lid. 

Eczema requires treatment, both upon its own account and also be- 
cause of any conjunctivitis lymphatica that may chance to be present. 
The progress of the latter to a cure is distinctly more rapid if the ecze- 
ma is at the same time done away with; contrary to the popular belief, 
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which is prone to assume the opposite. (We often hear the complaint 
made that “the eruption which the physician has driven from the skin 
has struck into the eye.”) Treatment is usually carried on by means 
of ointments, of which Hebra’s diachylon-ointment, or ointments of 
oxide of zinc or of white precipitate (one to two per cent), are the ones 
generally selected. The ointments are spread thickly upon a pledget 
of linen, which is laid upon the closed lids and retained in place by a 
bandage. In extensive eczema the entire face may be covered with a 
linen mask smeared with ointment on the inside. Another efficient 
method of treatment consists in the application of a five to ten per cent 
solution of nitrate of silver (see page 91). 

At the border of the lids eczema, being modified by the peculiar ana- 
tomical structure of this region, appears under a special form, and will 
receive a separate description later on as blepharitis ciliaris. 


2. Phlegmonous Inflammations of the Lids. 


Under this head belong: 1. Adscesses of the lids. These originate 
most frequently after injuries. In other cases the a:fection starts 
from the bones; periostitis and caries of the margin of the orbit lying 
at the root of it. This is especially apt to be the case in scrofu- 
lous children, in whom, moreover, the carious disease of the margin of 
the orbit is frequently referable to injury. Lastly, erysipelas not infre- 
quently gives rise to abscesses of the lids if the inflammation penetrates 
from the skin into the deeper parts. 2. Furuncles and carbuncles, 
which, however, are of comparatively infrequent occurrence in the lids. 
3. Anthrax pustule (malignant pustule). This arises through a transfer, 
by a process of inoculation, of the poison of anthrax (the Bacillus an- 
thracis) from animals affected with anthrax to man. It is hence most 
frequently found in those persons who have to do with animals or the 
products obtained from them, e. g., in hostlers, shepherds, graziers, 
butchers, tanners, and furriers. In the Vienna clinics most of these 
patients come from Hungary. The disease often terminates fatally. 

The symptoms of the phlegmonous processes in the lids are marked 
inflammatory cedema and indurated infiltration in the skin of the lid 
or beneath it. With this are associated swelling of the lymphatic 
glands in front of the ear and near the lower jaw, and fever and pros- 
tration. In the after-course of the disease disintegration of the infil- 
trated portions of the skin takes place, or, if we are dealing with an 
abscess, softening of the infiltrate sets in, with escape of the pus ex- 
ternally by its breaking through the skin. Not infrequently extensive 
gangrene of the skin of the lids occurs. The result of this is cicatri- 
cial shrinking of the lid in the course of healing and its consequent 
contraction, so that lagophthalmus or ectropion is produced. In both 
erysipelas and malignant pustule it is not uncommon for both lids to be 
affected by the destructive process. This latter presents the pecul- 
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iarity that even when it is of great extent it leaves exempt the free 
borders of the lids together with the cilia that they bear. This ex- 
emption is perhaps to be ascribed to the fact that of all portions of the 
lids the free border is most abundantly supplied with blood-vessels, and 
hence less readily falls a prey to necrosis. The preservation of the 
border of the lid is a very favorable circumstance for those cases in 
which a plastic operation upon the lids afterward becomes necessary, 
since the border of the lids can be used to skirt the edge of the im- 
planted flap with. 

Treatment follows the general rules of surgery. In abscesses of the 
lids an incision should be made as early as possible (that is, as soon as 
we are able to make the diagnosis), in order to prevent the extension of 
the suppuration into the deeper parts (orbit and meninges). When 
the skin of the lids is destroyed by inflammation, it is our business to 
strive to prevent as far as possible the subsequent contraction of the 
lids due to cicatrization. In large losses of substance in the lids it is 
best to refresh the edges of the two lids in isolated spots and unite 
them by sutures. As long as the palpebral fissure is kept closed in 
this way, lagophthalmus can not develop, and the cicatrix that forms is 
broader. It is also advisable in such cases to graft bits of skin upon 
the granulating surface of the injured lids. If in spite of these meas- 
ures, such a considerable contraction takes place, that lagophthalmus 
or ectropion is caused by it, the skin which has been destroyed must be 
replaced by blepharoplasty. 


3. Uleers of the Skin of the Lids. 


Ulcers are produced partly as the result of injuries (burns, the action 
of caustic substances, and contusion), partly spontaneously. Among 
ulcers of the latter kind are scrofulous, lupous, and syphilitic ulcers. 
In children scrofulous ulcers are found not infrequently in conjunction 
with caries of the adjacent bone. Lupus is likewise of frequent occur- 
rence in the lids, usually migrating to them from the neighboring re- 
gions (nose or check). From the lids it may pass over to the conjunc- 
tiva and even to the eyeball; and so, when lupus of the face has lasted 
for a long time, considerable changes in the lids and eyeballs are often 
found, which may even produce complete blindness. 


After the subsidence of herpes zoster, anomalies in the function of the tri- 
geminus often remain; anesthesia or neuralgia, or both combined, persisting for 
a long time in the area supplied by the affected branches. The cornea, which 
even while the inflammation is still present is less sensitive than normal, 
usually retains this condition of diminished sensibility for a long time. The 
twe following phenomena likewise must be referred to alterations in the 
nervous influence: The first consists in the abnormally low tension which the 
eyeball frequently shows when it participates in the inflammation; the second 
is the striking elevation of temperature of the skin upon the affected side, which 
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not only occurs while the inflammation is recent, but often lasts for quite a long 
time afterward. 

The cornea may be implicated in various ways in herpes zoster. In the first 
place, it may be implicated through the breaking out upon it of herpes vesicles, 
from which quite large ulcers may develop. In other cases deep parenchymatous 
infiltrates may form which are very slow in disappearing; in other cases again 
iritis and irido-cyclitis may develop. The cornea may also be affected indirectly, 
in that a paralysis of the trigeminus remains, and as a consequence of this a 
keratitis neuro-paralytica isset up. Then I have seen two cases in which herpes 
was complicated with facial paralysis, and, as a result of the latter, a keratitis 
e lagophthalmo developed. Paralysis of the oculo-motor nerve also occurs in 
consequence of herpes zoster. 

From what has been said, herpes zoster is to be looked upon asa serious 
disease, which in some few cases has actually caused death. Refrigeration, the 
use of arsenic, and poisoning by carbonic-oxide gas, have been observed as 
causes of herpes zoster, but in most cases all clew to the etiology is wanting. 

Eczema of the lids is not infrequently artificial—that is, is caused by the ap- 
plication of irritant ointments, by compresses, or by moist dressings. It hence 
often arises as an unpleasant complication when there is a necessity of keeping 
an eye fora long time beneath a bandage. Adhesive plaster, too, such as is 
employed in bandaging the eyes, excites eczema in many persons. 

In adults, eczema squamosum sometimes occurs as a chronic affection of the 
skin of the lids. 

Elephantiasis affects the lids under the form of a monstrous thickening, 
especially pronounced in the upper lid which hangs down over the lower and 
upon the cheek, and which, on account of its weight, can not be raised, and thus 
renders vision with the eye so covered impossible. The treatment consists in 
excision of the skin toa sufficient extent for the lid to regain approximately its 
normal dimensions. 

Under the name of chromidrosis * is denoted that rare affection in which the 
sweat from the skin of the lids is colored. As a result of it, blue spots come 
out upon the lids, which can easily be wiped away with a cloth that has been 
dipped in oil, although in a short time they make their appearance again. This 
disease is said to occur especially in women. A large number of the known 
cases must probably be referred to simulation—i. e., to the intentional applica- 
tion of some blue coloring matter to the lids. 


CEDEMA oF THE Lips.—(C£dema of the lids is, of course, not a disease but 
only a symptom, yet as such it is so frequent and at the same time so conspicu- 
ous that it deserves quite a detailed description. Its development is favored in 
avery great degree by the anatomical structure of the lid (sec page 459); hence 
it is found not only in connection with every violent inflammation of the lids 
themselves or of the neighboring parts, but also in consequence of simple venous 
congestion. In the former case we are dealing with inflammatory adema (cede- 
ma calidum), in the second case with a non-inflammatory wdema (edema frigi- 
dum). As long as the edema is on the increase, the skin of the lid is found to 
be smooth and tense; but as soon as the cedema begins to decrease, this is at 
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once made manifest by the formation of minute wrinkles in the skin of the lid— 
a phenomenon which is therefore of value as affording evidence that the process 
has already passed its acme (as, for instance, in acute blennorrhcea). 

(idema of the lids often causes the patient more alarm than does the lesion 
which lies at the bottom of it, because he can not open the swollen eye, and 
hence can not see with it. And for the less experienced physician marked 
cedema presents difficulties, inasmuch as it hinders the accurate inspection of 
the eyeball. If, in consequence, the physician gets but a transient view of the 
eye, or no view at all, he may easily make a false diagnosis, and may cause the 
patient great anxiety for what is perhaps an insignificant affection. For the 
benefit of the general practitioner, therefore, those affections which are asso- 
ciated with cedema of the lids will be enumerated in the following lines, and at 
the same time the symptoms will be given from which the diagnosis can be 
made. The first thing to be done is to open the lids sufficiently in spite of the 
edema, for which purpose we may with advantage use Desmarres’s elevator, 
especially in the presence of marked swelling or violent blepharospasm. If, then, 
the conjunctiva is found either not reddened at all or but slightly injected, and 
the eyeball itself is normal, not protruding, and freely movable, we are dealing 
with a superficial affection; in other cases we recognize from the abnormal char- 
acter of the conjunctiva or the eyeball that the edema must be referred to an 
affection of the deeper parts. 


(A) @DEMA IN CONSEQUENCE OF A SUPERFICIAL AFFECTION, 


It is necessary first to determine whether what we have before us is an 
inflammatory or a non-inflammatory edema. The former is distinguished from 
the latter by the redness, the increased temperature, and not infrequently also 
by the sensitiveness to touch. Let us assume that we are dealing with an in- 
flammatory cedema. In order to find out what affection lies at the bottom of it, 
we now try to ascertain whether in palpating the swollen part we do not come 
upon some one spot which is distinguished by greater induration and special 
painfulness. 

1. If such a spot is found close to the free border of the lid, we are usually 
dealing with a hordeolum. In the very inception of this affection nothing besides 
the above-mentioned symptoms are noticeable. But, in the days immediately 
following, a yellowish point of discoloration is discovered either between the 
cilia, or, if we are dealing with a Meibomian stye, upon the inner surface of 
the lid. 

2. If the indurated and sensitive spot occupies the internal angle of the eye, 
our first thought must be of an acute inflammation of the lachrymal sac—a da- 
eryocystitis. This diagnosis is confirmed if, upon pressure in the region of the 
lachrymal sac, pus is evacuated from the puncta, or if the patient says that epi- 
phora has for a long time preceded the inflammation. To be sure, a furuncle 
or a periostitis may also develop in the region of the lachrymal sac, but these 
cases, in comparison with the frequently occurring dacryocystitis, are extremely 
rare. 

3. In erysipelas the redness and swelling of the lid are uniform. The skin 
itself when grasped between the fingers feels thicker and harder; while, on the 
other hand, circumscribed infiltration is absent. The swelling, as a rule, occu- 
pies both lids and also extends to the neighboring parts; and when we have 
had the case under observation for some time, we can see that the swelling 


474 DISEASES OF THE EYE. 


migrates. If in the course of the inflammation an induration develops which 
can be felt to be deeply seated, it is a proof that the process has penetrated into 
the deeper tissues, and that an abscess of the lid is forming. 

Cases of erysipelas sometimes occur which are very slight in intensity and 
extent, and present correspondingly insignificant inflammatory symptoms. Then 
only the lids themselves, and perhaps the dorsum of the nose, too, are swollen; 
these parts are not tense but of doughy consistence, and are scarcely reddened; 
and fever and pain are absent. The swelling disappears within a few days, and 
the skin then peels off. In light cases of this sort it is often hardly possible to 
make the diagnosis of erysipelas with certainty. Many of the puzzling cases of 
recurrent cedema of the lids probably belong in this category. 

4. In cedema of the lids due to a furuncle or a malignant pustule there is felt, 
contrary to what takes places in erysipelas, a circumscribed, indurated, and 
painful nodule of considerable extent in the skin of the lid itself; while, if the 
infiltration lies deep in the tissues, we are dealing with a commencing abscess of 
the lid. In periostitis of the margin of the orbit the latter can be felt through 
the oedematous lid, and it is then found to be not sharp, but thickened and en- 
larged, and tender to the touch. 

5. Cidema of the lid due to trawmatism is almost always accompanied by 
extensive hemorrhagic suffusion of the lid, and from this fact can readily be 
recognized. If cedema of the lid develops in consequence of the sting of an 
insect, it is easy to make the diagnosis when we are able to discover the site of 
the sting. 

Non-inflammatory edema is met with as one of the symptoms of general 
cedema, as, for example, in heart-disease, in hydremia, and in nephritis. Not 
infrequently the lids are the very first part of the body in which these varieties 
of edema show themselves, and thus give warning of the causal disease. In 
such cases the cedema of the lids sometimes appears under the guise of flying 
cedema (edema fugax)—i. e., it comes suddenly and disappears again within a 
few days or even a few hours, only to return after a short interval of time. 

A variety of cedema holding an intermediate position between the inflamma- 
tory and the non-inflammatory kinds, is that which is observed in connection 
with blepharospasm that has lasted a long time (especially in children with con- 
junctivitis lymphatica). This chiefly affects the upper lid, and is mainly refer- 
ablo to the compression of the palpebral veins by the contracted orbicularis (see 
page 467). 

Finally, edema of the lids both of inflammatory and non-inflammatory nature 
occurs, for which no cause whatever can be discovered. 


(B) G&DEMA DUE TO DEEPER AFFECTIONS. 


1. Among affections of the conjunctiva, those which are associated with 
oedema of the lids are acute blennorrhcea and diphtheria, less frequently a vio- 
lent catarrh, or, as above stated, a conjunctivitis lymphatica. The diagnosis is 
easily made, from the appearance of the conjunctiva and from the character of 
the secretion. 

2. Violent inflammations in the interior of the eyeball lead to edema of the 
lids; severe irido-cyclitis and acute glaucoma doing so to a less extent, panoph- 
thalmitis to a more considerable degree. In the latter disease, as in acute blen- 
norrhcea, chemosis is also present. A confusion between the two diseases can, 
however, be readily avoided; since in panophthalmitis the purulent secretion in 
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the conjunctiva is wanting, while a purulent exudate is visible in the interior of 
the eye (in the anterior chamber or in the vitreous). An important differential 
sign is the protrusion of the eyeball and the consequent diminution in its mo- 
bility in panophthalmitis, symptoms which are never present in acute blennor- 
rhea. ; 
3. Tenonitis, phlegmon of the orbit, and thrombosis of the cavernous sinus, share 
with panophthalmitis the symptoms of edema of the lids, chemosis, and pro- 
trusion and immobility of the eyeball. These affections me hence be con- 
founded with each other and with panophthalmitis. From the latter, however, 
they are at once distinguished by the fact that in all three the eyeball itself, 
except for the cedema of the conjunctiva, looks normal in its anterior portion, 
while in panophthalmitis the suppuration in the interior of the eye is visible. 
The differential diagnosis between the three affections first named is rather 
more difficult. Serous tenonitis and phlegmon of the orbit are very similar to 
each other at their commencement, but in the former the chemosis and also the 
impairment of mobility of the eyeball are very considerable, and the protrusion 
of the eyeball is comparatively slight; while in the latter, on the contrary, the 
cdema of the conjunctiva is not very great in comparison with the extreme 
protrusion of the eyeball, and is not uniform, but is principally developed in 
the region of the palpebral fissure. In phlegmon of the orbit the fever and pain 
attain a much greater pitch. Later in the course of the two diseases their dif- 
ferentiation becomes more and more easy. In serous tenonitis all the symptoms 
soon abate, while in phlegmon of the orbit they constantly increase until the 
pus breaks through and is evacuated. 

Thrombosis of the sinus is distinguished from both affections by the fact 
that along with the cedema of the lid there is also edema behind the ear in 
the mastoid region, and also by the fact that serious cerebral symptoms are 
present. 

A tumor developing in the depth of the orbit may also, along with the pro- 
trusion of the eyeball, cause edema of the lid due to congestion. In this case, 
however, inflammatory concomitants are either slight or are absent altogether. 


II. INFLAMMATION OF THE BORDER OF THE LIDS. 


108. The free border of the lid is simply a part of the skin of the 
lid, which, however, is distinguished by many anatomical peculiarities, 
such as its cilia with their hair-follicles and glands, its particularly 
abundant vascular supply, etc., so that its diseases bear a special stamp. 
Affections of the borders of the lids are among the most frequent of 
all diseases. 

Hyperemia of the border of the lid manifests itself by the redden- 
ing of it, so that the eyes look as if they had a red fringe. It occurs 
in many people in consequence of insignificant causes of injury, 
such as prolonged weeping, great straining of the eyes, the being in 
vitiated air, a wakeful night, etc. This is especially true of persons 
with a delicate skin, who at the same time have a light complexion and 
blonde or reddish hair. In many of these persons the hyperemia of 
the lids is present all the time, and sometimes lasts for their whole life. 
With respect to the troubles that it causes, and also with respect to its 
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treatment, the same statements hold good that will be made in this 
regard in speaking of blepharitis. 

Inflammation of the border of the lids (blepharitis ciliaris or 
blepharo-adenitis *) appears under the two following principal forms : 

1. Blepharitis squamosa. In this the skin between the cilia and in 
their vicinity is covered with small white or gray scales like the dan- 
druff upon the scalp, or, as some have said, the border of the lids 
looks as though strewn with bran. If the scales are removed by wash- 
ing, the skin beneath them is found to be hyperemic but not ulcerated. 
Upon removing the scales, some cilia usually fall ont—a proof that they 
are less firmly attached than usual; but, as their follicles are not in- 
jured, they grow again afterward. 

A sub-variety of blepharitis squamosa, which is of less frequent 
occurrence, appears under the following form: The border of the lids 
is covered with yellow crusts, which are sometimes rigid, sometimes 
flexible and fatty (like wax or honey). When they are removed, no 
ulcers are found beneath them, but simply reddening of the skin of the 
lid. The yellow crusts are therefore not inspissated pus, but simply the 
excessively abundant secretion of the sebaceous glands, which has 
solidified in the air into yellow crusts. 

2. Blepharitis ulcerosa. In this form also the border of the lid is 
covered with yellow crusts; but, after washing them off, we find not 
merely a hyperemia of the skin but ulcerative processes as well. Thus 
we see here and there in spots small yellow elevations, from the center 
of which rises a cilium. These are abscesses, which have originated 
from suppuration of a hair-follicle and of the sebaceous gland belonging 
to it. With these we find little excavations—that is, ulcers which have 
been formed out of small abscesses that have opened. Again, in other 
spots we notice small cicatrices, the remains of similar ulcers. At the 
site of the cicatrices the cilia remain deficient, because their hair-follicles 
have been destroyed by suppuration. Since new hair-follicles are con- 
stantly being transformed into abscesses one after another, the row of 
cilia, when the process has kept up for a long time, becomes more and 
more thinned out ; the cilia that are still present are arranged in separate 
groups, which for the most part are glued together into tufts by the 
dried secretion. Blepharitis ulcerosa, accordingly, is distinguished from 
blepharitis squamosa by its deeper situation and the purulent character 
of the inflammation. It is hence to be regarded as the more’ serious of 
the two forms, the one in which both the inflammatory symptoms are 
more pronounced, and permanent sequelx, particularly destruction of 
the cilia, remain. 

The annoyance suffered by the patient is slight in the lightest cases 
of blepharitis, so that many patients visit the physician more on account 
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of the disfigurement due to the reddened border of the lids than on 
account of any distress they experience. But in most cases the patients 
are annoyed by the increased sensitiveness cf the eyes, which water 
readily, especially during work and in the evening, are sensitive to light, 
heat, and dust, and become tired quickly. In the morning the lids are 
stuck together. 

Blepharitis is distinguished by its eminently chronic cowrse, which 
often extends over a series of years. In young patients the disease 
often disappears of itself when they grow up; in others it continues 
during the whole life. Proper treatment always produces considerable 
improvement, or even effects a cure, which latter, however, is in most 
cases not lasting, as after the discontinuance of the treatment the 
disease usually returns; a permanent cure is obtained in only a few 
cases. 

After lasting some time blepharitis entails a series of sequelx, which 
to a certain extent react in their turn upon the blepharitis and render 
it worse. These are-— 

1. Chronic conjunctival catarrh. This is the constant concomitant 
of blepharitis, the annoyance produced by which is in no small part 
dependent upon it. 

2. Blepharitis ulcerosa leads to permanent destruction of the cilia, 
which may go on till nearly all the cilia are lost. In that case there 
are found upon the border of the lid a few scattered, minute, and 
abortive hairs. This condition, called madarosis, * produces marked 
disfigurement. As soon as all the cilia are destroyed, the blepharitis 
ceases of itself, as there are no longer any hair-follicles to undergo sup- 
puration. 

3. By the traction produced by cicatrices which remain after sup- 
puration of the hair-follicles, neighboring cilia may be given a false 
direction, so as to turn backward toward the cornea (trichiasis). 

4. Hypertrophy of the border of the lid may develop in consequence 
of its being constantly congested and swollen by inflammation. The 
lid is then found to be thicker and more misshapen at its free border, 
and drooping in consequence of its weight (¢ylosis t). This change 
affects mainly the upper lid. 

5. The lower lid very often undergoes, as a result of blepharitis, a 
change of position under the form of ectropion. This develops in the 
following way: Owing to the formation of the cicatrices, the conjunc- 
tiva is drawn a little forward over the border of the lid. The border 
of the lid then looks as if it had a rim of red conjunctiva about it, and 
the posterior margin of the lid, which before was sharp, is now rounded 
off, and can no longer be distinctly made out. In consequence of this 
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change of form, the borders of the two lids no longer fit exactly to each 
other when the latter are shut together. Furthermore, on account of 
the absence of its sharp posterior margin, the lid is no longer perfectly 
applied to the eyeball, and a shallow groove remains between the eye- 
ball and the border of the lid (eversion of the border of the lid). In 
common with the border of the lids, the puncta are also turned forward 
so as no longer to dip into the lacus lacrimalis (eversion of the puncta). 
Owing both to the imperfect closure of the lids in winking and also to 
the eversion of the puncta, the conduction of tears into the lachrymal 
sac is interfered with, so that epiphora develops. A portion of the tears 
runs down over the lower border of the lid upon the skin of the latter, 
which because of this continual wetting becomes reddened, excoriated, 
and even eczematous; consequently it loses its pliability and becomes 
gradually contracted. In this way the lower lid is drawn farther and 
farther away from the eyeball, so that an ectropion of the entire lid is 
gradually developed from the eversion of its border. At the same 
time the lachrymation also constantly increases, and this in turn reacts 
injuriously upon the blepharitis, the border of the lid being irritated 
to the point of inflammation by the tears which are constantly flowing 
over it. 

Etiology.—The causes of blepharitis are either of a general or a 
local nature. 

The general causes lie partly in the constitution of the patient, 
partly in external injurious influences. In the first category are to be 
mentioned anemia, scrofula, and tuberculosis, which particularly in 
children and young people furnish a frequent cause of blepharitis. 
When with increasing age the constitution improves, the blepharitis also 
disappears. In many families blepharitis is hereditary, being a kind of 
family disease. Among external injurious influences are to be consid- 
ered all those which are known to be also causes of chronic conjunctival 
catarrh (see page 45). Among these belong vitiated air, smoke, dust, 
heat (for example, in the case of stokers), staying up late at night, ete. 
Blepharitis produced by general causes is always bilateral. 

Among the local causes of blepharitis the most frequent are chronic 
inflammations of the conjunctiva (chronic catarrh, conjunctivitis 
lymphatica, and trachoma) and lachrymation. The latter excites in- 
flammation of the border of the lid by keeping it continually wet. 
The lachrymation may be caused either by increased secretion of tears 
or by interference with their discharge into the nose. The former is 
the case, for example, in conjunctivitis lymphatica, which is character- 
ized by profuse lachrymation. Since in this case the inflammation of 
the conjunctiva and the scrofulous diathesis of the patient both act at 
the same time to favor the development of blepharitis, it is easy to un- 
derstand why conjunctivitis lymphatica should so exceedingly often be 
found combined with blepharitis. 
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Lachrymation may, however, also be produced by interference with 
the conduction of tears, as a result, for instance, of an affection of the 
lachrymal sac ; in this case the blepharitis is found only in that eye in 
which the affection of the lachrymal sac exists. Hence the rule is in 
unilateral blepharitis to examine the lachrymal sac at once, just as, on 
the contrary, in bilateral blepharitis, we shall first have to look for a gen- 
eral cause for it. Other causes of interference with the conduction of 
tears, and hence also of blepharitis, are imperfect closure of the lids 
due to ectropion, to paralysis of the facial nerve, to congenital and 
acquired contraction of lids, ete. 

The treatment of blepharitis must take account both of the causal 
indication and also of the local changes. Regard to the causal indica- 
tion requires the improvement of the patient’s constitution and of the 
hygienic conditions under which he lives. In most cases, it is true, 
the object aimed at can not be attained, owing to external circum- 
stances. Local causes of blepharitis, such as lesions of the conjunctiva 
and the lachrymal sac, lagophthalmus, etc., are to be removed as far as 
possible. In the treatment of the diseased borders of the lids themselves 
ointments play the chief part. Their action is to be principally attrib- 
uted to the fat they contain. This softens the scales and crusts and 
thus facilitates their removal, and also prevents the occlusion of the 
orifices of the palpebral glands; it renders the skin more pliable, and 
protects it from being wet by the overflowing tears. Hence some soft, 
pliable fat, the unguentum emolliens [cold cream] or vaselin, must be 
chosen as the basis of the ointment. For the additional ingredient of 
the ointment, a mercurial precipitate is most frequently selected, the 
red, yellow, and white precipitates all being employed. Since the 
ointment ought not to irritate the already inflamed border of the lid, 
the white precipitate [ammoniated mercury], as being the mildest, 
is to be preferred to the yellow and the red precipitates [red and 
yellow oxides]. For the same reason it is advisable to add it in small 
quantities only (one to two per cent to the fat). The patient 
applies the precipitate ointment by rubbing it upon the closed eyelids 
with his fingers before going to bed. On the following morning, after 
the ointment is wiped off, the crusts and scales adhering to the border of 
the lids must be removed as carefully as possible by washing with luke- 
warm water. The physician must insist very particularly upon this 
point, since the act of cleansing the lids is often painful, and hence, 
especially in children, is frequently not performed with sufficient care. 
When by means of this treatment we have finally succeeded in bring- 
ing the borders of the lids back to their normal state, we continue the 
use of the salve for some time longer, as otherwise the blepharitis will 
very soon recur. 

In blepharitis ulcerosa, in addition to the employment of the oint- 
ment, the abscesses which form must be opened every day, and the cilia 
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which project from them must be epilated.’ ’ For this purpose we make 
use of the cilium-forceps—that is, of a forceps with broad rounded ends. 
The healing of the ulcers can be accelerated by touching them lightly 
with a pointed stick of nitrate of silver. 


Since the border of the lids is simply a modified portion of the external 
skin, it would be proper to consider the affections of it from the dermatological 
standpoint—that is, to compare them with analogous affections of the skin. 
From this point of view blepharitis squamosa might be regarded as seborrhea. 
That form which is associated with furfuraceous scales would correspond to 
seborrhea squamosa or seborrhea sicca of the skin, which we most frequently 
observe, under the guise of increased formation of scales, upon the scalp. The 
form of blepharitis squamosa which is characterized by yellow, fatty crusts, is 
probably identical with the seborrhea oleosa, which is likewise found upon the 
scalp, particularly in children, and !n this situation is known under the names 
of scurf or scall. Blepharitis ulcerosa is probably nothing but an eczema which, 
on account of the hairy character of the border of the lid, is associated with sup- 
puration of the hair-follicles, such as is the case in other hairy portions of the 
skin (eczema sycomatosum). If the position of blepharitis in the system of skin- 
diseases, as it is here put down, was really placed beyond a doubt, it would cer- 
tainly be justifiable to let the old designations and subdivisions of blepharitis 
drop out altogether and replace them by the dermatological terms. Unfortu- 
nately, we have not yet got as far as this. Thus, different authors have been 
unable as yet to come to an agreement in regard to the significance of blepharitis 
ulcerosa. Horner considers it as eczema, Stellwag as acne, Michel sometimes 
as eczema, sometimes as sycosis. Accordingly, I consider it better, as long as 
a perfectly clear light has not been thrown upon the question, to retain the 
old designations, whose meaning every one knows. 

For the correct diagnosis of blepharitis the crusts covering the border of 
the lid must be removed, in order to determine the state of the skin beneath 
them. If the skin beneath the crusts is normal, we are not dealing with blepha- 
ritis at all, but with a disease of the conjunctiva, the dried secretion from which 
forms the yellow crusts. In blepharitis the skin is at least found to be red- 
dened (in blepharitis squamosa), or it is covered with ulcers (in blepharitis 
ulcerosa). In the vicinity of the ulcers the skin of the palpebral border is not 
infrequently thickened by hypertrophy of the papilla, so that warty excrescences 
are formed, which are painful and bleed readily, and which must be removed. 

In the treatment of blepharitis the mistake is very frequently committed of 
prescribing highly irritant ointments, by which the inflammation is simply aggra- 
vated. I therefore prefer the one-per-cent ointment of white precipitate, as be- 
ing the mildest of all. If we select as the basis of the ointment the unguentum 
emolliens, which I regard as the best for this purpose, we must take care that 
the ointment is prepared fresh from time to time, as otherwise the fat would 
become rancid and cause irritation. In severe cases of blepharitis ulcerosa it is 
advisable to smear the ointment thickly upon a pledget of linen and apply it 
overnight to the eyes by means of a bandage. In this way the ointment acts 
in a much more penetrating way than if it were merely smeared upon the bor- 
ders of the lids. This procedure is particularly indicated when the blepharitis 
is caused by congenital shortness of the lids, because here the closure of the 
palpebral fissure during sleep is at the same time insured (see § 118). 
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In obstinate blepharitis squamosa the employment of tar-ointment has been 
recommended. For this purpose the oleum fagi (or oleum rusci * ), mixed with 
equal parts of olive-oil, is prescribed, and this mixture is applied upon the bor- 
ders of the shut lids at night by means of a brush; or, pix liquida and spiritus 
vini, equal parts, are brushedysover the borders of the lids, upon which the 
solution rapidly dries through evaporation of the alcohol. In either case, the 
entrance of the fluid into the conjunctival sac must be carefully avoided, as it 
would greatly irritate it. Many people can not stand the tar-ointments at all 
on account of the excessive irritation they produce. A less irritating form of 
treatment is that with tar-soap, with which ‘the lids should be carefully washed 
every morning. 

In many cases of blepharitis ulcerosa, tarticalarly if tylosis is present at the 
same time, we will fail to accomplish our object until we have epilated all the 
cilia. We do this in several sittings, and subsequently also remove the cilia which 
grow in afterward, keeping on in this way until the border of the lid once more 
looks perfectly normal. We need not fear that the cilia, even if we have epi- 
lated them ever so often, will ultimately fail to grow in again. For the tylo- 
sis itself, massage of the lid, with the aid of the white-precipitate ointment, 
does good service. This acts partly by exciting resorption, partly through the 
fact that it helps to remove mechanically the contents of the palpebral glands, 
and thus prevents their occlusion. 

Not to be confounded with blepharitis is the condition called phthiriasis 
palpebrarum—i. e., the presence of crab-lice (Phthirius inguinalis or Pediculus 
pubis) upon the eyelashes. Here the borders of the lids look strikingly dark. 
Upon more careful inspection we discover as the cause of the discoloration the 
black nits of the crab-lice sticking fast to the cilia; sometimes, too, a grown 
specimen is found lodged between the cilia. The disease, which is rare and 
which is found almost exclusively in children, sometimes itself gives rise to 
blepharitis. It is easily cured by means of blue-ointment, which, when rubbed 
into the borders of the lids, kills the parasites. 


III. DISEASES OF THE PALPEBRAL GLANDS. 


109. The glands which here come under consideration are the 
glands of the hair-follicles of the cilia (Zeiss’s glands) and the Mei- 
bomian glands. The affections of the former have already been treated 
of in part under the head of blepharitis, a disease which presents a 
diffuse inflammation extending over the whole border of the lid, and 
in which the hair-follicles play an important part. To be distinguished 
from this is the isolated inflammation which is limited to one or a 
few of these glands, and forms an independent affection. If such an 
inflammation develops as an acute affection, it is known as hordeolum; 
if as a chronic affection, it is known as chalazion. From these, again, 
are to be distinguished the cases of simple occlusion of the glands with 
inspissation of their contents but without inflammation—cases which 
form the starting-point of the infarcts in the Meibomian glands. 


* (Oleum rusci, empyreumatic oil of birch or birch tar.—D.] 
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1. Hordeolum* (Sty). 


There are a hordeolum externum and a hordeolum internum. 

Hordeolum externum [or hordeolum zeissianum] is produced by 
suppuration of one of Zeiss’s glands. There is first noticed an in- 
flammatory cedema of the affected lid, which in violent cases may even 
extend to the conjunctiva bulbi. Upon careful palpation there is 
discovered in the swollen lid a spot which is distinguished by greater 
resistance and by special sensitiveness to touch. It lies near the border 
of the lid, and corresponds to the inflamed gland. In the next day 
or two the swelling at this spot increases, and the skin over it grows 
red, afterward shows a yellowish discoloration, and finally is perforated 
near the border of the lids with a discharge of pus. After the evacua- 
tion of the pus the inflammatory symptoms rapidly abate, the small 
abscess-cavity soon closes, and the entire process comes toanend. In 
spite of the fact that the duration of the disease is but a few days, the 
affection itself is still very burdensome to the patient on account of the 
pain, which is often considerable, in the tense and greatly swollen lids. 
Added to this is the fact that many persons have quite a number of 
repeated attacks. 

Hordeolum internum is much rarer than hordeolum externum. It 
consists in a suppuration of one of the Meibomian glands, and is hence 
also called hordeolum meibomianum. The course of the disease is, on 
the whole, the same as that of the hordeolum externum; but as the 
Meibomian glands are larger than those of Zeiss, and are enveloped in 
the firm connective tissue of the tarsus, the inflammatory symptoms are 
more violent, and it takes a longer time for the pus to be evacuated. 
The pus at first, as long as itis shut in in the affected gland, appears upon 
eversion of the lid as a yellowish spot shining through the conjunctiva. 
Afterward it breaks through the conjunctiva or is evacuated through 
the orifice of the gland. Perforation through the skin occurs only as 
an exception, in contradistinction to hordeolum externum, in which 
this is the rule. 

Hordeolum externum and internum are essentially the same pro- 
cess—i. e., they are both an acute suppuration of a sebaceous gland, for 
the Meibomian glands are nothing but modified sebaceous glands. 
Both, accordingly, present nearly the same clinical picture. They are 
analogous to acne of the external skin (hence also they are called by 
Stellwag acne ciliaris). The violent inflammatory symptoms, and par- 
ticularly the marked cedema which distinguish a hordeolum from ordi- 
nary acne-pustules of the skin, are caused by the peculiar anatomical 
structure of the lids, which especially predisposes the latter to inflam- 
matory swelling. 


* From hordewm, barley. 
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Hordeolum is found principally in young people, particularly if they 
are of anemic or scrofulous constitution and at the same time suffer 
from blepharitis. The latter, by causing swelling of the border of the 
lid and the accumulation of scales and crusts upon it, favors the occlu- 
sion of the excretory ducts of the glands, which may give rise to their 
inflammation. Probably, too, the micro-organisms which are always 
present in great numbers upon the inflamed border of the lid, and 
which can thence readily penetrate into the orifices of the glands, play 
a part in the production of this affection. 

The treatment of hordeolum in the beginning of the disease con- 
sists in the use of moist warm compresses, which are applied to the lids 
in order to convert the hard infiltrate more rapidly into pus. When 
the yellow color of the pus is visible beneath the skin or the conjunc- 
tiva, the abscess may be opened by a small incision, and thus the dura- 
tion of the inflammation may be shortened by several days. The prime 
means for avoiding a recurrence of the hordeolum is the treatment of 
any blepharitis that may be present. 


2. Chalazion.* 


Chalazion is a chronic affection of the Meibomian glands. It forms 
a hard swelling which develops very gradually in the lid. In many 
cases this occurs without any inflammatory symptoms whatever, so that 
the swelling is not noticed by the patient until it has become quite 
large. In other cases, however, there are moderate inflammatory con- 
comitants, which, nevertheless, are insignificant in comparison with those 
which accompany a hordeolum. ‘The tumor keeps constantly enlarging 
for months until it reaches the size of a pea or a bean; it then bulges 
the skin far enough forward to produce a perceptible disfigurement of 
the lid. Upon palpating the tumor we can make out that it is pretty 
resistant, and that it is intimately connected with the tarsus, while the 
skin lying over it can be displaced from side to side. After everting 
the lid we find the conjunctiva over the tumor reddened, thickened, 
and somewhat protruding. Later on, the tumor assumes a grayish look 
as seen through the conjunctiva, and ultimately the latter is perforated ; 
then a viscid, rather turbid fluid flows out, which corresponds to the 
central softened portions of the tumor. But the main portion of the 
latter, consisting of spongy granulations, remains behind, for which 
reason the tumor after it has been opened does not at once disappear 
completely. On the contrary, it diminishes very gradually in size, and 
meanwhile it is not uncommon for the granulation-masses to project 
like a fungoid growth through the perforation in the conjunctiva. It 
requires months more for the tumor to disappear completely. 

Chalazion shares with the hordeolum internum its situation in the 


* From xdda(a, hail. 
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Meibomian glands, but is distinguished by the character of the process. 
Hordeolum is an acute inflammation, which goes on to suppuration and 
is over in a few days. Chalazion is a chronic disease, which does not 
lead to suppuration but to the formation of granulation tissue, and lasts 
for months or even years. Chalazion is the analogue of acne rosacea of 
the skin, in which latter the sebaceous glands play the same part that 
the Meibomian glands do in chalazion (Horner). 

Chalazion affects adults more frequently than children. Not infre- 
quently several chalazia are found at once in the same patient. A 
chalazion annoys the person who has it by the disfigurement it produces, 
and also by the condition of irritation which it keeps up in the eye. 
This condition of irritation is partly the result of the chronic inflam- 
mation of the lids, partly the result of the mechanical injury done to 
the eyeball by the uneven and bulging conjunctiva covering the inner 
surface of the tumor. 

Treatment.—Quite small chalazia are best left alone. Larger chala- 
zia are removed by an operation, in order to do away with the disfigure- 
ment and also with the irritation of the eye. The lid is everted, and 
the conjunctiva and the wall of the chalazion lying beneath it are 
divided in a vertical direction by an incision with a sharp-pointed 
scalpel. After the fluid portion of the contents has escaped, the gran- 
ulation-masses which still remain are removed by scraping (with a small, 
sharp spoon, or with a Daviel’s scoop, or even with a curved sound). 
Even then the tumor does not disappear completely, because its resistant 
capsule remains, although this shrinks up after a short time. If the 
contents of the chalazion are not completely removed, it is apt to form 
again, so that the operation has to be repeated. 


8. Infarcts in the Meibomian Glands. 


In elderly people we frequently see, upon everting the lids, small, 
bright-yellow spots beneath the conjunctiva. These are the inspissated 
contents of the Meibomian glands, which accumulate in their acini 
and distend them. These infarcts usually cause no disturbance. But 
sometimes they are transformed by the deposition of lime salts into 
hard, stony masses (lithiasis * conjunctive). These bulge the conjunc- 
tiva forward and even perforate it with their sharp edges, which then 
cause mechanical injury to the eye. In this case they must be removed 
from their bed, after an incision has been made in the conjunctiva, and 
thus be got rid of. 


The older physicians considered a chalazion as a hordeolum which had 
become hardened—i. e., had not gone on to suppuration—a view which is still 
at present widely diffused among the laity. Others supposed that the chalazion 
was a simple retention-cyst of the Meibomian glands, and analogous to atheroma 


* From Af@os, a stone. 
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of the sebaceous glands. Neither of these views is correct—a chalazion, in 
fact, being formed as follows: Some interference with the discharge of the 
viscid sebum is set up in one of the Meibomian glands. The sebum therefore 
accumulates in the acini of the gland, and through remaining there a long time 
becomes inspissated and harders But at the same time it starts up an irrita- 
tion of the wall of the acinus, in consequence of which both the epithelium 
of the acinus proliferates and an inflammatory infiltration is produced in the 
surrounding tissue of the tarsus. The latter process soon becomes the pre- 
dominant one, so that both the acini of the gland and the tissue of the tarsus 
ultimately are overwhelmed in an overgrowth of small cells. This growth 
of cells forms a soft tissue of the nature of granulation-tissue, and, like the 
latter, contains also giant cells. In the granulation-tumor are found amorphous 
flakes representing the remains of the inspissated contents of the acini; and on 
the outside it is inclosed by a capsule of connective tissue. The development 
of the latter is owing to the fact that the tissue surrounding the growing tumor 
is compressed by it and condensed more and more all the time. Finally, the 
central portions of the granulation-tumor which are very poor in vessels break 
down by a sort of mucilaginous softening, so that a cavity filled with a turbid 
liquid is formed in the center of the growth. Horner was the first to call 
attention to the analogy between chalazion and acne rosacea. Dermatologists, 
indeed, deny that the sebaceous glands are concerned in the development of 
acne nodules; but I have been able repeatedly to convince myself, in examining 
microscopical preparations, that in acne rosacea the process of inflammatory pro- 
liferation begins in the sebaceous glands in the same way that it does in the 
Meibomian glands in the case of chalazion. 

In old chalazia, in which perforation has failed to take place, the entire con- 
tents sometimes become liquefied. The chalazia are then transformed into a 
sort of cyst with thick envelope and with turbid, mucilaginous contents. Those 
chalazia which are developed upon the excretory duct of a Meibomian gland 
assume a special appearance. They are then situated near the free border of 
the lid, from which they project like a kind of nipple, while on their posterior 
side they are flattened out by the counter-pressure of the eyeball. If they do 
harm to the eye mechanically, they are to be removed by ablation. 

It not infrequently happens that persons who have never suffered from cha- 
lazia begin all of a sudden to have one after another. New chalazia keep 
developing at intervals of one or more weeks, manifesting their presence each 
time by the renewal of the slight inflammatory symptoms. Finally, one or more 
chalazia are found in each of the four lids. In particularly bad cases an 
actual degeneration of the lids, especially of the upper, takes place. The lids 
are thickened, so that it is with difficulty they can be everted. In one of the 
cases observed by me the lid had become one centimetre thick. The skin of 
the lids forms nodular projections, but can be displaced upon its bed and is not 
essentially altered. The conjunctival surface of the lids, on the contrary, appears, 
uneven, nodular, and reddened, and velvety in some spots, while in others it 
showsa gray translucency or is perforated by sprouting granulations. In extreme 
cases of this sort we might at first sight be disposed to suspect the existence of 
a tarsitis or a neoplasm. In operating upon such cases it can be seen that the 
entire tarsus has disappeared from view in a spongy and partially softened 


granulation-tissue. rai 
Instead of merely opening the chalazia, we may extirpate them by dividing 
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the skin over them and then cutting them out of the tarsus. A fenestra is thus 
made in the tarsus and in the conjunctiva as well. Such an extirpation of the 
chalazia is pretty tedious and painful, for which reason we in most cases prefer 
the simple incision, and are perfectly successful with it too. Extirpation is only 
indicated when we are dealing with large chalazia, which project far forward 
and have a particularly thick capsule. 

AFFECTIONS OF THE TaRsus.—The tarsus is implicated not only in the 
diseases of the Meibomian glands but also in those of the conjunctiva. This is 
particularly true of trachoma and of amyloid degeneration of the conjunctiva. 
In the former we can often feel, when we evert the upper lid, that the tarsus has 
become thicker and more unshapely. This depends upon its inflammatory in- 
filtration, which subsequently leads to atrophy and distortion through cicatri- 
cial contraction, and which must therefore be looked upon as the chief cause 
of trichiasis. In tarsal cartilages which have undergone this change, the Mei- 
bomian glands are also in great part found to be destroyed. In amyloid degen- 
eration of the conjunctiva the tarsus itself falls a victim to the same degenera- 
tion, so that it is transformed into a large, unshapely, friable structure (see page 
99). 

There is a primary affection of the tarsus (tarsitis syphilitica) which occurs 
as a consequence of syphilis. This develops very gradually, and as a rule with- 
out any notable pain. When it has reached its acme we find one or both lids 
of the same eye greatly enlarged and the skin of the lid tense and reddened. 
Upon palpation we can convince ourselves that the cause of the enlargement lies 
in the tarsus, which can be felt through the skin as a thick structure of carti- 
laginous hardness and ungainly form. The swelling of the tarsus is usually so 
great that the lid can no longer be everted. The enlarged tarsus consists, as is 
evident when it is cutinto, of a lardaceous, bloodless tissue. The cilia upon 
the affected lid fall out, and the lymphatic gland in front of the ear upon the 
same side swells up. After the swelling has been for weeks maintained at the 
same height, it disappears very slowly again until the tarsus has reached its 
former volume, or has even, in consequence of atrophy, fallen somewhat below 
it. It takes several months for the disease to run all through its course. Tar- 
sitis makes its appearance in the third stage of syphilis, and is accordingly to be 
looked upon as a gummatous infiltration of the tarsus. 


IV. ANOMALIES OF POSITION AND CONNECTION OF THE LIDs. 
1. Trichiasis and Distichiasis. 

110. Zrichiasis * consists in the fact that the cilia, instead of looking 
forward, are directed more ‘or less backward so as to come into contact 
with the cornea. This anomaly of position either affects all the cilia, 
or only those which project most posteriorly; it may also extend over 
the whole length of the border of the lid, or be present over a part of it 
only (total and partial trichiasis). The inverted cilia are seldom nor- 
mal, being for the most part stunted, and consisting of short stumps or 
of minute, pale, and scarcely visible hairs. 

Trichiasis causes a continual irritation of the eyeball, due to the 


* From 6pté, hair, 
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action of the cilia; there are photophobia, lachrymation, and a con- 
stant sense of a foreign body in the eye. The cornea iself suffers more 
considerable injury. Superficial opacities are produced in it, since the 
epithelium, in consequence of the constant irritation, undergoes a sort 
of callous thickening, and may be regarded as protecting thus the cornea 
against external injuries. In other cases deposits like pannus or ulcers 
of the cornea are formed. It not infrequently happens that persons are 
tormented by frequent recurrences of corneal ulcers, until at length 
the physician discovers one minute cilium which is directed toward the 
cornea, and which has been the cause of the formation of ulcers. 

The most frequent cause of trichiasis is trachoma (page 64). The 
conjunctiva, which in the regressive stage of trachoma undergoes cica- 
tricial shrinking and contracts, tends to draw the external covering of 
the lid backward over the free border of the latter, and thus puts the 
cilia more and more in a false direction. At first the most posterior 
cilia, afterward the anterior rows, too, are turned backward. The dis- 
tortion of the tarsus acts to produce the same effect. On account of 
it, that portion of the tarsus which adjoins the free border of the lid 
bends off at an angle from the rest of the cartilage and is turned back- 
ward (¢,, Fig. 19 #2), and in so doing it draws with it the covering of 
the free border of the lid which is firmly attached to it. 

Partial trichiasis, in which only some of the cilia are turned back- 
ward, develops in consequence of cicatrices which have been left by 
blepharitis, hordeolum, diphtheria, burns, operations, etc., upon the 
free border of the lid or in the conjunctiva. 

Under the name of distichiasis* is designated the condition in 
which, the lids being otherwise normally formed, there are two rows of 
cilia, one of which looks forward; and the other, which is usually less 
perfectly developed, is directed backward. This condition occurs as a 
congenital anomaly, and is sometimes present in all four lids. 

Treatment.— When only a few of the cilia have an improper posi- 
tion they can be removed by epilation. Inasmuch as they grow again, 
epilation must be repeated at intervals of a few weeks—a thing which 
can very often be attended to by the patient himself. It is still bet- 
ter to employ a method in which, with the performance of epilation, the 
follicle of the cilium is at the same time destroyed, so that the latter 
does not grow again. The best procedure for this purpose is electroly- 
sis. The two poles of a constant-current battery are so arranged that 
the positive pole is formed by a sponge electrode, the negative pole by 
a fine sewing-needle. The latter is introduced into the hair-follicle of 
the cilium and the circuit closed by the application of the sponge elec- 
trode to the temple. At once a light foam is seen to exude from the 
root of the cilium. This is formed by the bubbles of hydrogen gas 


* From &ls, double, and orfxos, a row. 
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which are developed at the negative pole and give evidence of the 
chemical decomposition of the tissue-fluids produced by the electric 
current. By virtue of this decomposition an adequate destruction of 
the hair-follicle results without any eschar being produced. The cilium 
can now be very readily drawn out, or it falls out afterward of itself 
and it never grows again. The operation is pretty painful. When 
quite a large number of the cilia or all of them are directed toward the 
eyeball, epilation is not suitable; in that case those methods are indi- 
cated by means of which the cilia are brought to their proper position 
by a shifting of the place in which the hair-bulbs are implanted (see the 
section on operations, § 168). 


The term distichiasis is employed by most authors not only for the condition 
in which there are congenitally two rows of cilia, but also for the acquired 
anomaly of position due to trachoma, when simply the posterior rows of cilia 
are set backward, while the anterior are directed even more forward than usual. 
But this condition is identical in its nature with trichiasis proper, and differs 
from it only in degree. At the commencement of the cicatricial contraction 
the rows of cilia are first drawn apart, and then the posterior and last of all the 
anterior row are turned backward. Accordingly, distichiasis is developed first 
and trichiasis afterward, and a sharp line of distinction can not be drawn be- 
tween the two. I hence prefer to use the expression trichiasis for this con- 
dition in all its phases, and to confine the term distichiasis to the congenital 
cases in which two regular series of cilia are present. Then trichiasis and dis- 
tichiasis really denote two conditions which differ absolutely in their nature. 


2. Entropion. 


111. Entropion* is a rolling inward of the lid. The distinction 
between entropion and trichiasis is one of degree. In the latter the 
border of the lid, as a whole, is properly situated, but the posterior 
margin of the lid is rounded off and the cilia are turned backward. In 
entropion the whole margin of the lid is revolved back so as not to be 
visible at all when the open eye is seen from in front. Hence, to get a 
view of the border of the lid we have to roll the lid out again by draw- 
ing it up toward the margin of the orbit. The evil consequences of 
entropion are the same as those of trichiasis. According to their eti- 
ology we distinguish two varieties of entropion : 

(a) Entropion spasticum is that form which is produced by the 
contraction of the orbicularis. The fibers of the palpebral portion of the 
orbicularis (see page 462) describe arcs having a curvature in two different 
directions. One sort of curvature is due to the fact that the muscular 
fibers encircle the palpebral fissure; the concavity of these arcs accord- 
ingly looks toward the palpebral fissure and is directed downward in the 
upper lid, upward in the lower. The second variety of curvature is 
caused by the fact that the muscular fibers in conjunction with the 
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lids are molded to the anterior convex surface of the eyeball; the con- 
cavity of these arcs looks backward in both lids. When the fibers of 
the orbicularis contract, they tend to shorten from the form of an arc 
to that of its chord. In so doing they exert a double action: by the 
flattening out of the first set of curves they narrow the palpebral fis- 
sure; by the flattening out of the second set they press the lids against 
the surface of the eyeball. As long as the pressure takes place in the 
same way over the whole height of the lid the latter is applied uni- 
formly to the eyeball. It is otherwise when from mechanical reasons 
one part or another of the palpebral portion of the muscle gets the 
upper hand, so that the lid is pressed backward more strongly at one 
spot than at another. When the bundle adjoining the border of the lid 
surpasses the peripheral portions of the muscle in force, the border of 
the lid is tilted backward and entropion develops. When, on the 
contrary, the action of those fibers which lie next to the margin of the 
orbit is stronger than the action of the bundle adjoining the border 
of the lid, the latter is flapped over to the outside and ectropion ensues. 
Thus the contraction of the orbicularis may, according to circumstances, 
produce two opposite conditions, entropion and ectropion, and we now 
have to investigate those conditions that determine in which of these 
two senses the mechanical effect of the contraction of the orbicularis 
makes itself felt. 

For an entropion to develop, two conditions are necessary: defective 
support of the free border of the lid, and an abundant amount of exten- 
sible skin upon the lid. Under normal circumstances, when the border 
of the lid is pressed backward by the muscular bundle adjoining it 
against the eyeball, it finds in it support and resistance. If the eyeball 
is taken out, the border of the lid is allowed to flap back. Hence 
entropion spasticum develops most of all when the eyeball is wanting 
(entropion organicum of Stellwag). For entropion to develop, however, 
it is not necessary for the eyeball to be entirely absent; it is sufficient 
that it should be diminished in size, or should simply be situated more 
deeply in the orbit, as it is in the old and lean. Again, when the border 
of the lid is rolled inward, the skin of the lid is drawn after it. If this 
is prevented an entropion can not develop. If the entropionized lid is 
put back in place, and then the skin of the lid is drawn a little up 
toward the margin of the orbit and fixed there by pressure, the rolling 
in again of the lid is rendered impossible. Entropion spasticum, there- 
fore, does not develop in persons with rigid and elastic skin upon the 
lids, but requires the presence of a large amount of wrinkly, readily 
displaceable skin, such as we meet with in old persons. 

It is clear that the rolling in of the lids is favored when the fibers 
of the orbicularis are very forcibly contracted, as in blepharospasm, and 
also when the pressure with which the muscular bundles of the orbicu- 
laris are squeezed against the border of the lid is aggravated by an ex- 
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ternal pressure—i. e., by a bandage. Similarly, blepharophimosis acts 
to favor the development of entropion (see page 494). 

If we summarize what has just been said, it follows that entropion 
spasticum develops only in elderly people with flabby lids, and that its 
production is favored by a deep situation, a diminution in size, or the 
absence of the eyeball, by the existence of a blepharospasm or a ble- 
pharophimosis, or by the wearing of a bandage. For the last-named 
reason entropion is a frequent and unpleasant complication during the 
after-treatment of cataract-operations, in which case we are dealing 
with elderly people whose eyes have to be kept bandaged for quite a 
long time. 

Entropion spasticum is observed almost without exception in the 
lower lid. 

(6) Entropion cicatriceum is caused by cicatricial contraction of the 
conjunctiva by means of which the free border of the lid is drawn in- 
ward. It may be said to form one step further on the way upon which 
trichiasis has started. Like the latter, it is observed after trachoma, 
diphtheria, burns of the conjunctiva, ete. 

The treatment of entropion is either with or without operation. In 
entropion spasticum which has formed beneath a bandage, the discon- 
tinuance of the latter is often all that is required. If we are compelled 
by important reasons to continue the bandage, we place upon the lower 
lid in the neighborhood of the margin of the orbit a roll of adhesive 
plaster, which is kept pressed against the lid by the bandage. This 
procedure depends upon the observation that the entropionized lower 
lid takes a correct position spontaneously when we press back with our 
fingers that portion of it which hes next to the margin of the orbit. 
Another method of exerting a constant pressure of this sort has been 
proposed by Arlt: One end of a narrow strip of linen is fastened with 
collodion to the inner extremity of the lid beneath the internal angle of 
the eye; from this point the strip is stretched tightly over the lower 
part of the lid toward the outer side, and is there again fastened by 
means of collodion. If entropion occurs in consequence of the ab- 
sence of the eyeball, we enjoin the wearing of an artificial eye. If we 
can not attain our object by bloodless measures, we must proceed to 
the performance of an operation (see section on operations, § 171). 


3. Ectropion. 


112. Ectropion consists in the revolution of the lid outward, so that 
its conjunctival surface looks forward. It is, therefore, the opposite of 
entropion. There are different degrees of ectropion. The lowest de- 
gree is that in which the internal margin of the lid stands off a little 
from the eyeball (eversion of the border of the lid). Even this very 
slight degree, however, bears within itself the conditions for its own 
increase. With the eversion of the border of the lid there is also asso- 
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ciated eversion of the puncta, in consequence of which epiphora de- 
velops, and by this a contraction of the skin of the lower lid and hence 
an increase of the ectropion are produced. Ectropion may present all 
degrees up to complete eversion of the entire lid. The consequences of 
ectropion are epiphora and also redness and thickening of the con- 
junctiva wherever it is exposed to the air. The hypertrophy of the 
conjunctiva may reach such a high degree, especially if this membrane 
has already been considerably altered (by acute blennorrhcea or by 
trachoma), that the conjunctiva looks like exuberant “proud” flesh 
(wound-granulations), whence the old designations ectropion luxurians 
or ectropion sarcomatosum. In high degrees of ectropion the cornea 
is incompletely covered by the lids, so that keratitis e lagophthalmo is 
set up. 

According to differences in their etiology the following kinds of 
ectropion are distinguished : 

(a) Ectropion Spasticum. It was shown above that the lid is rolled 
outward whenever those fibers of the palpebral portion of the orbicu- 
laris lying near the margin of the orbit get the upper hand over those 
which are found next to the border of the lid. The mechanical con- 
ditions which produce this ascendency are the direct opposite of those 
which we have found to be the causes of entropion. They- consist 
partly in the displacement forward of the tarsal portion of the lid, and 
partly in a firm, elastic structure of the skin of the lid, by virtue of 
which the palpebral border is drawn up toward the margin of the 
orbit. We often have the opportunity to observe the effect of a traction 
of this sort when we try to open the palpebral fissure in a child with 
swollen lids and with blepharospasm. As soon as we draw the lids 
apart they tilt forward spontaneously, and in such cases if we should 
not carefully put the lids back in place we might readily set up a per- 
manent spastic ectropion. For, the peripheral bundles of the palpebral 
portion of the muscle contract behind the everted tarsal portions of the 
lid and maintain them in their faulty position. Then, just as in the 
case of paraphimosis, the everted lids swell up from engorgement, a 
fact which renders their reposition the more difficult the longer the 
condition lasts. Inasmuch as a certain degree of tension of the skin of 
the lids is requisite for the development of spastic ectropion, this con- 
dition is found principally in children and young persons. 

The second condition mentioned above for the development of 
ectropion is the forcing of the tarsal portion of the lid away from the 
eyeball, by which the eversion of the lid is favored. It occurs mostly 
through thickening of the conjunctiva, particularly in consequence of 
acute blennorrhea and trachoma. Moreover, the eyeball itself may 
force the lids so far forward that they become ectropionized, as in 
enlargement or protrusion of the eyeball (ectropion mechanicum of 


Stellwag). 


492 DISEASES OF THE EYE. 


The two antecedent determining causes-above mentioned will be 
the more apt to induce eversion of the lid in proportion as there is a 
coincident blepharospasm by which the peripheral portions of the lid 
are forced backward. 

From what has been said, it follows that ectropion spasticum is par- 
ticularly prone to occur in young persons who at the same time suffer 
from inflammation of the conjunctiva with swelling of the latter and 
coincident blepharospasm. Ectropion spasticum frequently affects the 
upper and lower lids simultaneously. 

(2) Ectropion paralyticum arises as a result of paralysis of the orbic- 
ularis. ‘The lids are then no longer kept pressed against the eyeball 
by the contraction of the fibers of the orbicularis, and thus the lower 
lid sinks down of its own weight. Jor this reason ectropion paralyti- 
cum is found only in the lower lid; the upper lid, because of its weight, 
remaining applied to the eyeball even when there is no action of the 
muscle. In conjunction with the drooping of the lower lid there is an 
inability to lift it in the act of closing the lids. Consequently the pal- 
pebral fissure can not be perfectly shut (lagophthalmus). 

(c) Ectropion senile also is found only in the lower lid. It arises 
from the fact that in old people the lower lid is relaxed in all its parts 
and is pressed with insufficient force against the eyeball by the enfee- 
bled fibers of the orbicularis. Another factor that here comes into play 
is the chronic catarrh of the conjunctiva (catarrhus senilis), which is so 
frequent in old people. Ectropion of the lower lid also occurs as a re- 
sult of enfeeblement of the action of the orbicularis when the lid has 
been divided in a vertical direction at any spot, or when the external 
commissure has been destroyed, so that the continuity of the orbicularis 
is interrupted somewhere. 

(d) Ectropion cicatriceum develops when some part of the skin of 
the lid has been destroyed and has been replaced by cicatrices so that 
the lid is contracted. Injuries, particularly burns, ulcers, gangrene, 
excision of the skin in operations, etc., may give rise to it. Ectropion 
frequently develops as a sequel to caries of the orbit in scrofulous chil- 
dren. Here, in addition to the contraction of the skin of the lid, its 
fixation to the osseous cicatrix upon the margin of the orbit is of mo- 
ment, and with this there is associated marked retraction of the skin. 
So also ectropion is set up by the contraction of the skin and the loss 
of its elasticity that results from the eczema which occurs in connection 
with the continual wetting of the skin of the lid by the tears or from 
other causes. Ectropion is therefore frequently found along with a 
blepharitis of long standing and with lesions of the conjunctiva and 
the lachrymal sac. 

Non-operative treatment is successful mainly in ectropion spasticum. 
It consists in putting the lid back in place and keeping it pressed 
against the eyeball by a well-fitting bandage. In ectropion paralyticum 
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we must employ, besides the bandage, the remedies indicated for the 
cure of the facial paralysis, particularly electricity. Ectropion senile is 
curable without an operation only as long as it has not reached any 
very high degree. For quite a long space of time the eye must be 
bandaged at night, and the patient must be told, when wiping away 
the tears that flow down over his cheek, to apply his handkerchief from 
below upward, and not, as is ordinarily done, from above downward, a 
proceeding by which the lid is drawn down only so much the more. 
It is furthermore, advisable to slit up the inferior canaliculus in order 
to diminish the epiphora due to the eversion of the punctum. The 
higher degrees of ectropion, and particularly ectropion cicatriceum, 
require treatment by an operation, of which the section on operations 
(§ 172) contains a description. 


4. Ankyloblepharon. 


113. Ankyloblepharon * consists in an adhesion of the upper to the 
lower lid along the palpebral margin. It is either partial or total, and 
is very often combined with an adhesion between the lid and the eye- 
ball, or symblepharon. It also has a common etiology with the latter; 
it originates, that is, when, as a result of burns, ulcers, etc., the borders 
of the two lids are converted into raw surfaces at opposed points and so 
become adherent. 

Through ankyloblepharon the palpebral fissure is diminished in 
size and the movements of the lids are hindered; in total ankyloble- 
pharon there is complete occlusion of the palpebral fissure. ‘The treat- 
ment, when we are dealing with simple ankyloblepharon without coin- 
cident symblepharon, consists in separating the adherent lids by an 
operation. If the adhesion extends as far as the angle of the lid, the 
latter must be supplied with a lining of conjunctiva, as otherwise the 
adhesion would form again, starting from the angle. In the cases in 
which symblepharon is present along with the ankyloblepharon, it de- 
pends mainly upon the extent of the former whether an operation is 
practicable at all or not. 


5. Symblepharon (see page 109). 
6. Blepharophimosis. 


In blepharophimosis ¢ the palpebral fissure appears to be contracted 
at the external angle of the eye. Upon drawing the lids apart we see 
that the contraction is produced by a fold of skin which extends in a 
vertical direction at the external angle of the eye and juts out in 
front of it like a sliding screen. If we draw the fold of skin outward, 
we disclose behind it the normally formed external palpebral angle with 


* From ayxtan, a stiff limb [ora thong], and Br€épapor, eyelid. 
+ From Baedapor, lid, and pfywots, contraction, from gids, a muzzle. 


494 DISEASES OF THE EYE. 


the delicate ligament uniting the borders of the two lids. The distine- 
tion between ankyloblepharon and blepharophimosis, two conditions 
which are commonly confounded, is therefore as follows: In ankylo- 
blepharon the borders of the lids are adherent to each other, but in 
blepharophimosis they are normal, and the contraction of the palpebral 
fissure is only apparent, being caused by the drawing of a fold of skin 
over its outer extremity. 

Blepharophimosis is most frequently found in persons who suffer 
from lachrymation and blepharospasm of long standing—that is, it is 
especially met with in chronic inflammations of the conjunctiva. It orig- 
inates in a contraction of the skin of the lids due to their being frequently 
moistened with the tears or with secretion. If the contraction is par- 
ticularly marked in a horizontal direction, the skin from the adjacent 
parts is drawn up so as to project over the palpebral fissure on the 
temporal side like a sliding screen. We can artificially imitate bleph- 
arophimosis by drawing the skin from the temple over the palpebral 
fissure with our fingers. Blepharophimosis is ordinarily not found at 
the inner angle of the eye, because the adjoining skin of the bridge of 
the nose is not so readily displaced, although here too a projecting fold 
of skin is exceptionally formed. 

Blepharophimosis accordingly, like that form of ectropion which 
occurs in connection with chronic catarrh, lachrymation, etc., owes 
its origin to a contraction of the skin of the ld. The difference 
between the two lies in the fact that, in the first case, the contraction 
makes itself apparent chiefly in the horizontal direction; in the second 
case, in the vertical direction. Blepharospasm and ectropion, therefore, 
as originating from the same cause, may be both present at the same 
time. That this in general is but rarely the case is due to the upward 
traction which the vertical fold of skin forming the blepharophimosis 
exerts upon the lower lid and which opposes the eversion of the latter. 
In fact, therefore, blepharophimosis actually favors the development of 
an entropion, which in such cases can often be cured simply by the abo- 
lition of the blepharophimosis. Another consequence of blepharophi- 
mosis is the contraction—to be sure, an apparent one only—of the pal- 
pebral fissure, which consequently can not be opened as wide as usual. 

If blepharophimosis causes any trouble, it may be removed by 
widening the palpebral fissure by means of canthoplasty (see the sec- 
tion on operations, § 169). 


7. Lagophthalmus. 


By lagophthalmus* is meant an incomplete closure of the pal- 
pebral fissure when the lids are shut together. In the lesser degrees of 


*T.e., hare’s-eye, from Aayds, hare, because it was believed that hares sleep with 
their eyes open. 
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lagophthalmus complete closure of the palpebral fissure is still possible 
by squeezing the lids together; but since during sleep there is no such 
squeezing up of the lids, but only a gentle closure of them, these patients 
sleep with their eyes open, and from this the disease derives its name. 
In the higher degrees of lagophthalmus it is no longer possible for the 
patients, even by squeezing their lids together, to bring them into con- 
tact. 

The evil consequences of lagophthalmus depend upon the harm 
which the eyeball suffers’ from being insufficiently covered. What 
part of the eyeball is it that remains uncovered by the lids in lagoph- 
thalmus? If we tell a patient with lagophthalmus of slight degree to 
shut his lids lightly together, we see that the borders of the lids remain 
separated some millimetres from each other, and that between them 
there lies the part of the sclera that is beneath the cornea, but not the 
cornea itself. This arises from the fact that at the same time that the 
lids are shut the eye is turned upward, so that the cornea is concealed 
beneath the upper lid. The same is the case during sleep. Hence the 
only part of the conjunctiva sclere that is constantly exposed to the 
air is that situated below the cornea. Asa result of this exposure it is 
injected, and the patient suffers from the symptoms of a chronic con- 
junctival catarrh. In the higher degrees of lagophthalmus the cornea, 
too, is seen to lein the slit which remains open when the lids are 
closed together ; and, because the cornea is turned upward, it is the 
lower part of it that is seen. Lagophthalmus but seldom reaches a 
degree such that the cornea remains completely uncovered. The cor- 
nea may suffer in two ways from being covered insufficiently: either 
it dries up wherever it is constantly exposed to the air, and the dried 
portions becoming necrotic, keratitis e lagophthalmo ensues (see page 
161); or the cornea protects itself against the exposure by a change in 
its epithelium which becomes thicker and epidermoid, so that the 
deeper layers of the cornea are preserved from desiccation (xerosis of 
the cornea, see page 112). But as opacity both of the epithelium and 
of the cornea itself is associated with this process, the sight is thereby 
prejudiced. In any case, therefore, vision is endangered in lagophthal- 
mus if the latter is so considerable that the cornea is no longer suffi- 
ciently covered. Another result of lagophthalmus is epiphora, since 
complete closure of the lids is requisite for the normal conduction of 
tears into the nose. 

The causes of lagophthalmus are: 1. Shortening of the lids. 
This is in most cases caused by the loss of a portion of the skin of the 
lids in consequence of burns, ulcers (particularly lupus), operations, 
etc. Less frequent are the cases of congenital shortness of the lids. 
Such cases are characterized by the fact that the palpebral fissure still 
remains open a distance of some millimetres when the lids are shut 
lightly together, and that, nevertheless, no signs whatever of loss of the 


496 DISEASES OF THE EYE. 


skin of the lids under the form of cicatrices are present. There often 
exists in these cases the symptoms of a chronic blepharitis ulcerosa. 
2. Ectropion. 38. Paralysis of the orbicularis. In this case it is the 
lower lid alone which is accountable for the lagophthalmus, the former 
not being raised when the lids are closed. 4. The state, occurring in 
persons who are very ill or who are unconscious, in which the eyes re- 
main open on account of a depression of the sensitiveness of the cornea, 
so that the reflex acts of winking and of shutting the lids are no longer 
setup. 5. Enlargement or prominence of the eye, so that the lids, in 
spite of their normal size and mobility, are unable to cover it com- 
pletely. In this connection particular mention must be made of Base- 
dow’s disease, in which the lagophthalmus is bilateral, so that bilateral 
blindness sometimes occurs as a result of it. 

The treatment of lagophthalmus consists first of all in regarding 
the causal indication—i. e., in the removal of those conditions which 
prevent the complete closure of the lids. Under this head belong the 
remedying of contraction of the lids by means of blepharoplasty, the 
cure of ectropion, the treatment of facial paralysis, ete. Until we 
have succeeded in doing away with the lagophthalmus itself, for which 
often quite a long time is required, the eye must be protected from the 
evil consequences of the disease. This is accomplished by closing the 
palpebral fissure artificially with a bandage. For this purpose we first 
bring the borders of the lids into perfect apposition, and keep them 
thus by strips of sticking-plaster which are attached vertically across the 
lids; over this is applied an ordinary protective bandage with dry cot- 
ton. In the lighter cases it is sufficient to apply this bandage only at 
night, since then the danger of desiccation of the cornea is the greatest, 
and during the day the act of winking suffices to keep the cornea moist. 
But in the higher degrees of lagophthalmus, or in cases in which the 
cornea is already attacked, the bandage must be worn constantly. In 
those cases in which the removal of the cause of the lagophthalmus is 
impossible, or is likely to require a very long time (as, for example, in 
the cure of a case of Basedow’s disease), it would be disagreeable for 
the patient to have to wear a bandage for so long a time—a year or so. 
For these cases tarsorrhaphy (see section on operations, § 170) is 
advisable, by which the palpebral fissure is abbreviated and the borders 
of the lids are brought nearer each other, so that the closure of the lids 
is facilitated. 


Congenital shortness of the lids does not usually reach any considerable 
degree. The palpebral fissure, when the lids are closed lightly, gapes a few 
millimetres, so that a narrow line of sclera (but not the cornea) is visible in it. 
Another sign of congenital shortness of the lids is that such people sleep with 
the eyes not perfectly shut. This, to be sure, also occurs in persons with normal 
lids. I have, in fact, found that the peculiarity of sleeping with the eyes half 
open is hereditary in many families. But in this case the individual concerned 
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will, when told to close the lids gently together, do it properly and perfectly, 
while the man whose lids are too short effects their closure only by screwing 
them up tight. The measurement of the lids affords more exact information in 
regard to their relations as to size. This measurement can only be performed 
in the upper lid, because the lower lid has no sharp boundary-line separating it 
from the cheek. The measure is taken in the following way: First, the altitude 
of the upper lid—i. e., the vertical distance between its free border and the 
center of the eyebrow—is measured with the lids gently closed. Then the verti- 
cal extent of the skin of the lid when its folds are smoothed out is measured. For 
this purpose we grasp the lid by the cilia and put it moderately upon the stretch, 
and then again determine the distance between the border of the lid and the 
eyebrow. The altitude of the lid gives a measure of the area that has to be 
covered by the upper lid; the extent of the skin of the lid gives a measure of the 
quantity of skin available for this purpose. Upon the relation between the two, 
therefore, depends the completeness with which the lid can be shut. I have 
found by numerous measurements that in adults the vertical extent of the skin 
of the lid must have an amount at least one half greater than that of the alti- 
tude of the lid for a complete closure of the lids to be possible without undue 
effort. If the extent of the skin of the lid falls below an amount one and a half 
times as great as that of the altitude of the lid, there is lagophthalmus. The 
consequences of this are chiefly manifested in epiphora, and asa result of this in 
blepharitis ulcerosa. Such cases are hence ordinarily regarded as old cases of 
blepharitis, and the shortness of the lids is either altogether overlooked or is 
considered to be the result of the blepharitis. Small losses of integument, with 
consequent cicatrices, do indeed develop in the course of this blepharitis from 
suppuration of the glands of Zeiss; but they are too inconsiderable to account 
for the marked shortening of the lids, and this, therefore, if no other cause for 
it can be found, must be regarded as congenital. This condition is incurable. 
An amelioration of the troubles suffered is obtained by dressing the eyes over- 
night with an ointment of white precipitate smeared upon linen; in this way 
the accompanying blepharitis is kept within bounds. I have seen but few cases 
in which the congenital shortness of the lids was considerable enough for the 
cornea to suffer harm from it so that an operative procedure (tarsorrhaphy) was 
required. 


V. DISEASES OF THE PALPEBRAL MUSCLES. 


1. Orbicularis. 


114. (a) Spasm of the Orbicularis (Blepharospasm “). This mani- 
fests itself by the screwing of the lids tightly together. It is either an 
accompanying symptom of other eye diseases (symptomatic blepharo- 
spasm), or it forms a disease by itself (essential blepharospasm). 

Symptomatic blepharospasm accompanies all irritative states of the 
eye, and is hence found in connection with the presence of foreign 
bodies in the conjunctival sac, with trichiasis, with the most various 
forms of inflammation of the eye, etc. The violence of the blepharo- 
spasm is by no means in direct proportion to the severity of the dis- 


* From Baépapor, lid, and onéy, to draw tight. 
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ease of the eye, so that no sort of conclusion can be drawn from it 
with respect to the violence or the duration of the ocular affection 
which lies at the root of it. It often renders the examination of the 
eye extremely difficult. Blepharospasm is usually most violent and 
most obstinate in conjunctivitis lymphatica. It reacts unfavorably 
upon the eye-trouble; moreover, it often leads to cedema of the lids, 
to blepharophimosis, and to spastic ectropion and entropion. The 
treatment of symptomatic blepharospasm consists in the removal of 
the ocular disease which les at the root of it (cf. page 94). 

Essential blepharospasm is distinguished from the symptomatic 
variety by the fact that in it the eyes themselves are found to be per- 
fectly normal. In young persons, particularly of the female sex, it 
manifests itself by the eyes suddenly shutting up and then remaining 
closed as in sleep. This condition is distinguished from ptosis by the 
resistance offered through the energetic contraction of the orbicularis 
to the passive opening of the eye performed by drawing up the upper 
lid (blepharospasmus hystericus). In elderly people blepharospasm ap- 
pears either under the form of clonic spasms—1i. e., continual winking 
(nictitatio *)—or as a tonic spasm by which the eyes are kept tightly 
closed all the time (dlepharospasmus senilis). Essential blepharospasm 
is extremely tormenting to the patient; indeed, in severe cases it has, as 
far as he is concerned, almost the same results as a real blindness, since 
the patient can not make use of his eyes when they are shut. Hysteri- 
cal blepharospasm in time disappears of itself, while senile blepharo- 
spasm resists treatment for a long time, and sometimes, indeed, is abso- 
lutely incurable. 

(0) Paralysis of the Orbicularis.—If we are dealing with a recent 
paralysis, no changes are noticed while the eye is open; but if the 
patient has cause to shut his eye, it is apparent that the closure is but 
incompletely performed, because the lower lid can not be lifted prop- 
erly. This is particularly striking in the inner half of the lid. In 
consequence of the incomplete closure of the lid there is epiphora, 
which in light cases often constitutes the only complaint the patient 
makes. After the paralysis has lasted quite a long time further 
changes set in. The lower lid falls away from the eyeball and sinks 
lower and lower down (ectropion paralyticum). The cornea during 
sleep is exposed to desiccation in its lowermost part, so that keratitis e 
lagophthalmo develops. 

Paralysis of the orbicularis is caused by an affection of the facial 
nerve which innervates it. A lesion of the facial nerve may have either 
a central or a peripheral situation. In the former case it is located in 
the course of the nerve-fibers extending from the cortex of the brain to 
the nucleus of the facial nerve; in the second case it is located in the 


* From nictare, to wink. 
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nerve-trunk itself. Central paralyses of the facial nerve chiefly affect 
its oral branches, while the orbicularis is usually normal. Hence, in a 
paralysis of this muscle we have ordinarily to do with a peripheral 
lesion. Most frequently we have to deal with a so-called rheumatic 
paralysis; but the paralysis may also be caused by injury (particularly 
by operations in the region of the parotid gland), by an otitis interna, 
by tumors, and by specific disease. The rheumatic paralyses of the 
orbicularis give a favorable prognosis, but even in them several months 
are required before the cure takes place. The treatment must first of 
all endeavor to remove the cause of the paralysis. Symptomatic treat- 
ment consists mainly in the application of the electric current, both 
constant and induced. As long as the closure of the lids is imperfectly 
performed, the palpebral fissure must be kept closed by a bandage 
(see lagophthalmus), to prevent the development of ectropion and of 
keratitis. In the severe cases the bandage must be worn constantly ; 
in the light cases it is sufficient to apply it at night only. If the par- 
alysis proves to be incurable, tarsorrhaphy is indicated in order to facili- 
tate the closure of the lids. 


2. Levator Palpebre Superioris. 


Paralysis of the levator palpebree superioris manifests itself by a 
drooping of the upper lid ( ptosis*). All degrees of ptosis occur, from 
a just noticeable depression of the upper lid, toa prolapse of it so 
complete that it hangs down quite relaxed and devoid of wrinkles, and 
covers the whole eyeball. The higher degrees of ptosis, in which the 
lid hangs down in front of the pupil, interfere with vision, unless the 
patient lifts up the lid with his finger, or unless it is possible for him 
to draw it up sufficiently by a forced action of the frontalis muscle. 
By the contraction of the latter the forehead is wrinkled and the skin 
over it is thus contracted, so that the eyebrows and indirectly the upper 
lid as well are elevated. But since this elevation is not sufficient, the 
patient is in addition compelled to throw his head back, because then 
in looking forward the eyes are directed down, and thus the pupils get 
to lie in the palpebral fissure even though lowered. The wrinkled fore- 
head and the backward pose of the head are characteristic of persons 
with bilateral ptosis. 

Ptosis is either acquired or congenital in its occurrence. Acquired 
ptosis is the result of a paralysis of that branch of the oculo-motor 
nerve which supplies the levator palpebre superioris. It is hence often 
found in conjunction with paralysis of other muscles supplied by the 
oculo-motor nerve. The cases of isolated ptosis without any other 
signs of oculo-motor paralysis, are frequently caused by central disease. 

Congenital ptosis does not depend upon paralysis of the nerve, but 


* Brom atrrev, to fall, 


500 DISEASES OF THE EYE. 

upon a deficient development or the entire absence of the levator pal- 
pebre superioris, due to some anomaly of formation. In contradistinc- 
tion to acquired ptosis, which usually affects only one eye, it is generally 
bilateral. Not infrequently is it transmitted by inheritance through 
several generations. 

As regards the treatment, our endeavor should be, in acquired ptosis, 
to find out the cause of the paralysis and remove it by suitable meas- 
ures. But if we have to do with a ptosis which has already become 
inveterate, or if it is congenital, an improvement of the condition can 
be obtained only by way of an operation (see section on operations, 
§ 173). 


EssENTIAL BLEPHAROSPASM.—In hysterical blepharospasm both eyes shut up 
suddenly and without any known cause. It may take some hours, but it may 
also take days and even months, before the eyes open again, which they do, and 
just as suddenly. Such attacks may be repeated quite often, and may also vary 
greatly in their duration. The spasm almost always affects both eyes; once only 
have I seen a unilateral hysterical blepharospasm. Other symptoms of hysteria 
often exist simultaneously with the blepharospasm. In a young girl who 
suffered with blepharospasm of this sort, and whom I had already treated in 
vain with different remedies, I was finally successful in relieving the blepharo- 
spasm by means of a single instillation of cocaine; but a few minutes after the 
girl had opened her eyes both legs became paralyzed, and remained so for 
several days. 

In the examination of patients with hysterical blepharospasm it is often 
possible to find so-called pressure-points—i. e., portions of the body upon which 
we simply have to press for the eyes to open as if by magic (Von Graefe). In 
the majority of cases the pressure-points lie in the region of the trigeminus, as 
at the point of exit of the supra-orbital and infra-orbital nerves at the upper 
and lower margins of the orbit. But often these points are more difficult to 
find, being situated, for example, in the cavities of the nose, the mouth (when 
there are carious teeth), or the throat; sometimes the pressure-points are not 
found anywhere in the region supplied by the branches of the trigeminus. Thus 
cases occur in which the blepharospasm can be made to disappear by pressure 
upon one of the costal cartilages or the vertebrae, or upon some spot of the arm 
or leg, etc. Often the patient himself calls the physician’s attention to the posi- 
tion of the pressure-points, the knowledge of which he has already utilized for 
his own relief. The most frequent cases are those in which the patient allays 
the blepharospasm by pressure upon the forehead, a pressure which acts upon 
the branches of the supra-orbital nerve. Young men wear a hat with a stiff 
crown which they press down hard upon their face; girls tie a ribbon tight about 
their head. But as soon as the pressure ceases—e. g., by taking off the hat— 
the eyes shut together again. In many cases diversion of the attention to other 
things suffices to temporarily relieve the blepharospasm. 

Senile blepharospasm is often only one of the symptoms of a general spasm 
of the face (tic convulsif). Of the two forms of this spasm the clonic variety 
is the less disagreeable for the patient, because sight is but little interfered 
with by the constant winking. In tonic spasm the eyes shut suddenly and 
remain spasmodically closed for some minutes. Ii the patient is attacked by 
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this spasm in a crowd, or while crossing the street, or under other such like 
conditions, he is helpless and exposed to the likelihood of an accident. In senile 
blepharospasm, too, there are frequently pressure-points which influence the 
spasm. 

Just as the normal act of winking is set up in a reflex way by irritation of 
the terminal extremities of the trigeminus upon the surface of the eyeball, so, 
too, blepharospasm is in most cases of reflex nature. This is beyond doubt the 
case in symptomatic blepharospasm, in which the irritation of the trigeminus 
due to a foreign body, to inflammation, etc., is obvious. But besides this, a 
reflex action starting from the trigeminus must be assumed to exist in the 
majority of cases of essential blepharospasm also. A proof of this is the fact 
that pressure upon the branches of the trigeminus so often abrogates the bleph- 
arospasm, and that at the same time the pressure-points themselves are fre- 
quently sensitive to pressure, Treatment has therefore the greatest prospect of 
success in those cases in which it is possible to find pressure-points, as then we 
can attack directly the starting-point of the reflex action. This is done by 
applying the galvanic current to the pressure-points, or by injecting morphine 
at these spots. In a girl in whom pressure upon the vertex relieved the bleph- 
arospasm the inunction, several times repeated, of an indifferext ointment (vera- 
trine ointment) upon this spot sufficed to do away with the spasm. If no 
pressure-points are discoverable, we must think of the surface of the eyeball 
itself as the source of the reflex action. We can try to render this insensitive 
by cocaine, or we may apply the galvanic current to the closed lids. In addi- 
tion we employ the remedies that are used against neuroses in general. In one 
case of senile blepharospasm, in which everything else had proved futile, the 
repeated application of the moxa behind both ears effected a permanent cure. 
In the most obstinate cases we may proceed to stretch or resect those branches 
of the trigeminus from which the reflex starts. Stretching of the trunk of the 
facial nerve has also been performed quite often, although the results on the 
whole have not been very satisfactory. It is only in senile blepharospasm that 
such heroic remedies will be adventured upon, as hysterical blepharospasm 
always passes off of itself in the course of time. 

Children of an age of from eight to fifteen years are frequently brought by 
their parents to the physician on account of a habit of continual winking. 
This happens not infrequently during the occurrence of a slight conjunctivitis, 
and keeps on independently after the latter has been relieved. For the most 
part, in this case we have to deal with rather anemic and nervous children. 
This affection—frequently attributed to badness by the parents—usually passes 
off of itself after some time. 

Repeated fibrillary contractions of single bundles of the orbicularis, which 
are appreciated by the patients themselves, occur very frequently in perfectly 
healthy persons with normal eyes. No sort of significance is to be attributed 
to them. 

Prosis.—Congenital ptosis is frequently found in conjunction with other 
congenital anomalies. Among the latter are an inability to look up, accounted 
for by a deficient development or actual absence of the superior rectus (Stein- 
heim), and also epicanthus (§ 117). 

There is a sort of ptosis which develops without known cause in women of 
middle age. It is always bilateral, and develops so gradually, that not till after 
a series of years, is it pronounced enough to cause any considerable interfer- 
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ence with vision. In these cases it is not a paralysis of the nerve, but a primary 
atrophy of muscle itself that is present. 

The name of ptosis is incorrectly used for conditions which have nothing to 
do with an affection of the levator palpebre superioris—e. g., when the upper lid 
droops because it has become heavier in consequence of thickening due to 
trachoma, new growths, etc. So also the ptosis adiposa of Sichel, which con- 
sists in the fact that the covering fold of the upper lid is of unusual size, so as 
to hang down over the free border of the lid in the region of the palpebral fis- 
sure, does not belong under the head of ptosis proper. It was formerly assumed 
that this enlargement was caused by an excessive accumulation of fat in the cov- 
ering fold, for which reason the name of ptosis adiposa was given to it. Its 
true cause, however, depends upon the fact that the bands of fascia connecting 
the skin with the tendon of the levator (7, Fig. 92) and with the upper margin 
of the orbit are not rigid enough; consequently the skin is not properly drawn 
up when the lid is raised, but hangs down in the form of a flabby pouch (Hotz). 
Except for the disfigurement it causes ptosis adiposa entails no disagreeable 
symptoms. It can be removed by simple ablation of the excess of skin, but it 
is better, although also more tedious, to attach the skin to the upper border of 
the tarsus by Hotz’s operation. and thus prevent its drooping (see section on 
operations, § 168). 

Both paralysis and spasm are also observed in the unstriated levator or 
musculus palpebralis superior of Miller. Paralysis of this muscle lies at the bot- 
tom of that variety of slight ptosis which belongs to the group of symptoms 
induced by paralysis of the sympathetic (see page 308). Spasm of the muscle, 
manifested by drawing up of the upper lid and dilatation of the palpebral 
fissure, can be excited artificially by the instillation of cocaine. Moreover, 
according to some, the elevated position of the upper lid in Basedow’s disease 
is caused by a spasm of Miller’s muscle. 


VI. INJURIES OF THE LIDs. 


115. Injuries of the lids of all kinds, including simple contusions, 
incised, lacerated, and contused wounds, burns by heat or caustics, ete., 
are very frequent. A peculiarity of these injuries that needs to be 
emphasized is that, because of the great elasticity of the skin of the 
lids and their loose attachment to the subjacent parts, both ecchymosis 
and oedema in the injured lids are usually much more considerable than 
after a similar injury in other parts of the body. Accordingly, we 
must not allow ourselves to be frightened merely by the great swelling 
and bluish-black discoloration of the lids, as these appearances are 
often enough produced by comparatively slight contusions. On the 
contrary, the diagnosis and prognosis should not be pronounced until 
after a careful examination. In this, three points are chiefly to be 
considered : solutions of continuity of the skin of the lids, injury to the 
subjacent bones, and injury of the eyeball. 

Solutions of continuity of the skin of the lids present a varying 
aspect according to their direction. Those which run horizontal—i. e., 
parallel to the line of fibers of the orbicularis—gape but little, so that 
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the lips of the wound often lie in apposition spontaneously. But if 
the cut or rent runs in a direction perpendicular to the fibers of the 
orbicularis, the wound gapes widely in consequence of the retraction of 
the divided bundles of the muscle. Consequently, the cicatrices after 
horizontal wounds of the skin of the lids are scarcely visible, while 
those after vertical incisions are conspicuous and disfiguring. Hence, 
in operations upon the lids the rule is laid down that all incisions 
should, wherever possible, be made parallel to the course of the fibers 
of the orbicularis. The*worst wounds are those which sever the lid 
in a vertical direction through its entire thickness. If these do not 
unite by first intention, there remains an indentation of the border of 
the lid, or even a deep triangular incision in it (coloboma palpebre 
traumaticum). By this the complete closure of the lid is rendered 
impossible, so that, in addition to the disfigurement, a permanent epi- 
phora results from the injury. 

The presence of an injury of the subjacent bone is determined by 
palpating the margin of the orbit with the finger through the swollen 
lid. A fracture of the orbital margin is manifested by unevenness and 
special sensitiveness at some spot, symptoms to which in many cases is 
added distinct crepitation. <A certain sign of injury of the bone is 
emphysema of the lids. This consists in a penetration of air into the 
cellular tissue beneath the skin of the lid. The lids then have a pe- 
culiar soft feeling like a feather-bed, and at the same time we get in 
the palpating finger a sense of crepitation due to the displacement of 
bubbles of air beneath the pressure of the finger. ‘The air comes from 
the cavities surrounding the orbit—the nasal fosse, the ethmoid cavi- 
ties, the frontal sinuses, the antrum of Highmore. Its presence in the 
subcutaneous cellular tissue of the lids hence presupposes some ab- 
normal communication between the latter and these cavities, such as 
can only have originated through a fracture of the bone. The emphy- 
sema is increased by blowing the nose, straining, and coughing, since 
in the performance of these acts the air in the nose and its accessory 
cavities is put under greater pressure, so that more of it is driven into 
the subcutaneous cellular tissue. 

An added significance is imparted to wounds of the lids from the 
fact that by their mutilation the eye itself may be exposed to danger, 
Through cicatricial contraction of the lids, or the formation of fissures 
in them, lagophthalmus and consequently inflammation of the cornea 
may be set up. 

The treatment of injuries of the lids is carried on according to gen- 
eral surgical rules. In simple ecchymosis we apply cold compresses 
with lead-water. In emphysema of the lids the air contained in the 
tissues usually undergoes resorption without causing any ill results. 
To accelerate resorption a compressing bandage is indicated; at the 
same time the patient must avoid straining, blowing the nose, etc., In 
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order not to drive fresh charges of air into'the tissue. Recent wounds, 
the edges of which are not too greatly contused, are best united at once 
by sutures. In wounds, the edges of which are destroyed by contusion 
and the like, we apply an antiseptic dressing and wait for the necrotic 
portions to be cast off. The same rule holds good for burns and in- 
juries caused by caustic substances. After the elimination of those 
portions of the skin that have been destroyed, granulating raw surfaces 
are presented to view which cicatrize over and thus lead to a contraction 
of the lids. ‘To combat this, we proceed precisely as has been laid down 
for the treatment of destruction of the skin by inflammation (see page 
471). 


Eechymoses are usually pretty sharply limited at a line corresponding to the 
margin of the orbit, because the skin is attached to this by rigid connective 
tissue which prevents the further advance of the blood. On the other hand, the 
blood not infrequently travels beneath the skin of the dorsum of the nose over 
to the other side. An ecchymosis is then found in the lids of the other eye 
also. As the skin upon the dorsum of the nose is thick, it frequently does not 
permit the blood to be seen through it, so that we do not notice the bridge 
connecting the ecchymosis of one eye with that of another. We might 
then easily be induced to believe that the injury had affected the other eye 
also, a thing which, however, can be excluded with certainty in many cases 
—e. g., when sugillation of the lids of one side sets in after enucleation of the 
other eye. 

A similar migration of extravasated blood is observed in fractures of the base 
of the skull. The blood oozes forward from the site of the fracture and travels 
along the floor of the orbit. It then makes its appearance some time after the 
injury under the form of an ecchymosis in the lower part of the conjunctiva 
of the eyeball, and also on the lower lid close to the margin of the orbit, par- 
ticularly in the region of the inner angle of the eye. This symptom, although 
it is not present in all cases, is of great importance for the diagnosis of fractures 
of the base. 

Spontaneous ecchymoses sometimes occur in the lids, in the same way as they 
do in the conjunctiva, from violent straining, excessive coughing, and the like. 

Extravasations of blood into the lids, instead of disappearing by resorption, 
may go on to suppuration, so that an abscess of the lids develops. This is par 
ticularly to be apprehended when there is at the same time a solution of con- 
tinuity of the skin of the lids, through which infectious germs may penetrate 
into their tissue, 


VII. Loumors oF Tan Lips. 


116. («) Benign Tumors.—YVanthelasma * is a flat tumor of a dirty 
sulphur-yellow color and projecting but little above the skin of the lid. 
It is found most frequently on the upper and lower lids in the neigh- 
borhood of the inner angle of the eye; in this situation the tumors are 
often located symmetrically on the two sides of the eye, like the yellow 


* From avs, yellow, and %Aacua, plate. It is also called xanthoma. 
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spots above the eyes of the dachshund. Xanthelasmata occur in elderly 
persons, particularly of the female sex. They grow very slowly, and 
have no bad result besides the disfigurement they cause, which, more- 
over, affords the only reason for their removal by operation, as is some- 
times done. R 

Molluscum contagiosum is a small, rounded tumor, the surface of 
which is somewhat flattened and has an umbilicated depression in its 
center. From this a substance resembling sebum is evacuated upon 
pressure. This form of molluscum is contagious. 

Molluscum simplex (fibroma molluscum) is a tumor of the skin 
which is attached by a pedicle to the skin of the lids and hangs down 
like a pouch. 

Warts and cutaneous horns are also observed on the lids. 

Among cysts, milia, atheromata, and dermoid cysts occur. The 
latter, which may attain pretty large dimensions, will receive a more 
detailed description under the head of affections of the orbit (§ 135). 
On the borders of the lids small, transparent cysts are frequently met 
with, which have developed from occluded sweat-glands in the border 
of the lid (glands of Moll). 

The vascular tumors (angiomata) are found in the lids under the 
two formsof telangiectases and of tumores cavernosi. The former are 
bright-red spots situated in the skin of the lid itself. The latter lie 
beneath the skin of the lid, which they bulge forward and through 
which they can be seen shining with a bluish luster. They consist of 
a convoluted mass of large-sized blood-vessels which can be felt and 
compressed through the skin; the arteries running to the tumors are 
dilated. Vascular tumors are usually congenital, but they develop still 
more extensively after birth, and sometimes attain such a size that they 
cover a great part of the face, and also pass backward over upon the 
conjunctiva and the tissues of the orbit. For this reason they should 
be removed as early as possible. In doing this our principal care must 
be to destroy the skin of the lids over as small an area as possible, as 
otherwise we might get shrinking of the skin, with ectropion and 
lagophthalmus. For this reason the simplest procedure—namely, excis- 
ion of the tumor—is usually unadvisable, as in doing it we should have 
to sacrifice too much skin; furthermore, the great bleeding that is asso- 
ciated with the operation is sometimes dangerous in small children, 
with whom, as a rule, we have to deal. We destroy small teleangiectases 
by cauterizing them with fuming nitric acid or by heat, applied by 
means of the thermo-cautery or the’ galvano-cautery loop. In large 
teleangiectases it is sufficient to sear the tumor along a number of lines, 
since, by the cicatrization that follows, the intervening vessels which 
have not been destroyed are obliterated. In cavernous tumors I have 
seen the best results from the application of electrolysis. The two 
poles of a constant-current battery are armed with needles; these are 
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introduced into the tumor at two different points, and then the cur- 
rent is passed through them. As a consequence of the decomposi- 
tion of the fluids of the tissues produced by the galvanic current, the 
blood coagulates in the vessels, which consequently become obliterated. 
Several sittings are always required for the complete removal of the 
tumor. 

(5) Malignant Tumors.—Carcinomata occurring in the lids are, as 
a rule, epitheliomata, which start from the skin of the lid, particularly 
from that of its border. Subsequently they pass over upon the eyeball 
and even penetrate into the depth of the orbit. Sarcomata develop 
from the connective-tissue portion of the lids, particularly the tarsus, 
and are often pigmented (melano-sarcomata). With malignant tumors 
we find an enlargement of the lymphatic glands, occurring first in the 
gland in front of the ear, afterward in the glands along the lower jaw 
and in the neck. The extirpation of tumorsis conducted according to 
the well-known rules. If in its performance so much of the lid must 
be sacrificed that the eyeball as a consequence remains uncovered, a 
substitute for the palpebral skin which has been destroyed must be pro- 
cured by a blepharoplasty done immediately after the removal of the 
new growth. In extensive tumors it is often necessary to remove the 
eyeball, and even the entire contents of the orbit. 


The flat cancers of the skin which not infrequently occur upon the lids 
require particular mention. In these cases there is found a shallow ulcer with 
an uneven floor and irregular, rather hard walls. The infiltration of the walls 
of the ulcer is the only characteristic sign, for there is no tumor in the proper 
sense of the word, and for this reason inexperienced observers readily mistake 
the true nature of the lesion, which is nothing else than an epithelial carcinoma. 
The ulcer advances in one direction while it cicatrizes on the side opposite, for 
which reason it has been called by the name of wlews rodens. Its progress, how- 
ever, is extremely slow, so that such tumors often last many years before attain- 
ing any great size. 

In consideration cf the complicated structure of the lids, in which such a 
manifold variety of tissues take part, it should not surprise us that the most 
dissimilar kinds of tumors should at times come under observation in them. As 
rare occurrences there have been observed fibromata, enchondromata, lipomata, 
cavernous lymphangiomata, plexiform neuro-fibromata, adenomata of the seba- 
ceous glands (including the Meibomian glands and the glands of Krause) of the 
sweat-glands, and of the glands of Moll, and lastly glandular carcinomata. 


VIII. ConcenitaL ANOMALIES OF THE Lins. 


117. By coloboma of the lids meant a fissure in it, having ap- 
proximately the shape of a triangle, the base of which corresponds to 
the border of the lid, while its apex looks toward the margin of the 
orbit. Coloboma is either congenital (coloboma congenitum) or is 
acquired, being then produced by injury (coloboma traumaticum). 
Congenital coloboma is on the whole rare, and is observed oftener in the 
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upper than in the lower lid. Sometimes it is found in conjunction 
with a dermoid tumor of the cornea (see page 115). 

Under the name of epicanthus is denoted a fold of skin which juts 
out on both sides of the dorsum of the nose and projects over the 
inner angle of the eye so as partly to cover it. In the Mongolian races 
a moderate degree of epicanthus is the rule, and produces the charac- 
teristic appearance of the palpebral fissure in these men. In the Cau- 
casian race there is not infrequently observed in children a slight 
degree of epicanthus, which disappears again when, in the process of 
growth, the dorsum of the nose becomes more prominent. Higher 
degrees of epicanthus, which persist all through life, must be regarded 
as a deformity, and are sometimes found in connection with other con- 
genital defects (e. g., ptosis). The fold of skin forming the epican- 
thus disappears if we pick up the skin upon the dorsum of the nose 
into a vertical fold and thus shorten it in a horizontal direction. Upon 
this observation depends the operation for epicanthus recommended by 
Ammon, which consists in the excision of an elliptical piece of skin 
upon the dorsum of the nose. We may also excise the projecting fold 
of skin itself (Arlt). 


Among anomalies of the lids which are sometimes of congenital occurrence, 
the following also must be mentioned: Ptosis, distichiasis, abnormal shortness 
of the lids, and, as the extreme degree of the latter condition, entire absence 
of the lids (ablepharia); furthermore, symblepharon, ankyloblepharon, and the 
condition in which the eye is completely covered by the external skin, which 
replaces the lids and forms a uniform covering for the aperture of the orbit 
(cryptophthalmus of Zehender); and, lastly, cysts in the lower lid, in the case 
of microphthalmus. 


CHAPTER XIII. 
DISEASES OF THE LACHRYMAL ORGANS. 


ANATOMY AND PHYSIOLOGY. 


118. THe lachrymal organs consist of the lachrymal gland and the 
lachrymal passages. 

The lachrymal gland (glandula lacrimalis) isan acinous gland which 
consists of two divisions. The larger of these, known as the superior 
lachrymal gland, lies in the upper external angle of the orbit in a de- 
pression in the bony wall of the latter, the fossa glandule lacrimalis. 
The excretory ducts of the superior lachrymal gland pass downward 
and empty into the external half of the superior fornix conjunctive. 

The second division of the lachrymal gland—the inferior lachrymal 
gland—is much smaller, and consists only of one or two lobules, for 
which reason it is also known as the accessory lachrymal gland. Its 
lobules le along the excretory ducts of the superior gland directly be- 
neath the mucous membrane of the fornix. If the upper lid is everted 
and at the same time the eye is made to look downward, we often see 
the conjunctiva of the fornix in the vicinity of the outer angle of the 
lid pushed forward by a soft mass which is in fact the accessory lachry- 
mal gland. 

The lachrymal passages begin with the puncta lacrimalia. These 
lie on the free border of the upper and lower lid (upper and lower 
punctum) and near the inner extremity of the lid at the spot where the 
tarsus terminates (p, Fig. 93). They are situated upon small elevations, 
the lachrymal papille (papilla lacrimales), and form the orifices of the 
canaliculi lacrimales. These latter, starting from the puncta, run at 
first vertically for a short distance—i. e., in the upper lid run upward 
and in the lower lid downward ; then they bend at a right angle and 
become directed toward the lachrymal sac. In so doing they first 
pass behind the caruncle, and converging more and more, at length 
reach the lachrymal sac. Into this they empty, either separately or 
after having united to form a short common trunk. 

The lachrymal sac (saccus lacrimalis) lies in the inner angle of the 
eye in the cleft (fossa sacci lacrimalis) which the lachrymal bone forms 
for its reception. The lachrymal bone bounds the lachrymal sac (S, 
Fig. 93) on the inside, while to the front and outside it is inclosed by 
the two branches of the ligamentum palpekbrale internum (a and h, 
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Fig. 93). This relation of the lachrymal sac to the internal palpebral 
ligament enables us to determine the position of the former—a matter 
which is of importance when operations are concerned. If by drawing 
the lids outward we put them on the stretch and so cause the palpebral 
ligament to project, the lachrymal sac lies behind the latter, and in such 
a way as to rise just above it by its summit or fundus. 

At the spot where the cleft of the lachrymal bone merges into the 
bony canal the lachrymal sac passes into the nasal or lachrymal duct 
(ductus lacrimalis). The point where this transition occurs constitutes 
the narrowest part of the whole lachrymal channel, and is therefore 
particularly liable to the formation of pathological contractions (strict- 
ures). From this point the lachrymal duct passes downward and 
empties into the nasal fossa below the inferior turbinated body. In 
its downward course the lachrymal duct deviates a little backward 
and outward from the vertical. Hence, the two lachrymal channels 
diverge as they go down, the lachrymal sacs being less far apart than 
are the lower orifices of the lachrymal ducts. We can represent the 
course of the lachrymal channel on the living subject by placing a 
straight sound in such a way as to lie at its upper part upon the middle 
of the internal palpebral ligament, and below upon the furrow forming 
the boundary-line between the cheek and the ale of the nose. This 
sound gives precisely the direction of the lachrymal duct (Arlt). If 
we place a sound in this way on each side of the nose, we see how the 
sounds diverge as they go down, and we can readily convince ourselves 
that the degree of divergence differs in different individuals. The 
divergence, in fact, depends upon the breadth of the root of the nose 
on the one hand, and upon the breadth of the inferior nasal orifice on 
the other. These facts are of importance with regard to the operation 
of sounding the lachrymal duct, in the performance of which the sound 
must be pushed along in the direction of the duct. 

The mucous membrane of the lachrymal sac and that of the lachry- 
mal duct forms one continuous whole. There is, therefore, no sharp 
dividing line between these two structures, They are mainly distin- 
guished by the fact that the lachrymal sac lies against bone (the lach- 
rymal bone) at one side only, and everywhere else is free, while the 
lachrymal duct is inclosed on all sides by bony walls. It follows from 
this that, in engorgement of the lachrymal channels with fluid, it is 
only the lachrymal sac which is distended so as to appear as a visible 
swelling at the inner angle of the eye. ‘The lachrymal duct can not be 
distended; on the contrary, it is the favorite seat of constrictions, which 
again do not occur in the lachrymal sac. The formation of these con- 
strictions is facilitated by the fact that a dense plexus of wide veins, 
analogous to the venous plexuses beneath the mucous membrane of the 
inferior turbinated body, is interposed between the mucous membrane 
of the lachrymal duct and the bony wall. The swelling of these veins 
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is alone sufficient to contract or to close entirely the lumen of the 
duct. 

The Jachrymal passages are always filled with a small quantity of 
lachrymal fluid. If air is found in them, it is to be regarded as a 
pathological condition. 

The lachrymal secretion contains only a few solid constituents, the 
main part of which is sodium chloride (hence “salty” tears). In the 
normal state the lachrymal gland secretes scarcely any more liquid 
than is lost by evaporation from the surface of the eyeball, so that but 
very small quantities of fluid are discharged into the nose. It is only 
when the secretion is increased, either in consequence of psychical 
stimulation or of irritation of the eye, that any considerable quantity 
of tears is discharged into the nose, where its presence is manifested by 
repeated blowing of the nose. 

The moistening of the eyeball is not due to the lachrymal glands 
alone. The secretion of the conjunctiva itself, and also of its mucous 
glands (Krause’s and Waldeyer’s glands), participates in the perform- 
ance of this act. Hence it follows that even after removal or degenera- 
tion of the lachrymal gland the eye does not become dry. Moreover, 
the loss of the lachrymal gland often affects only its superior portion, 
so that the accessory lachrymal gland remains intact. 

In the conduction of tears into the nose there are two factors to be 
considered: the entrance of the tears into the lachrymal sac, and their 
transmission from the latter to the nose. 

(a) The conveyance of tears through the puncta into the lachrymal 
sac is effected by the act of winking. This takes place in such a way 
that the palpebral fissure is closed by a movement beginning at the 
outer and extending to the inner angle of the eye. In this way the 
tears are collected from the surface of the eyeball and forced toward 
the inner angle of the eye, since they can not flow off over the border 
of the lds owing to the way in which the latter is lubricated with 
fatty matter. ‘They accumulate in the horseshoe-shaped notch in the 
inner angle of the eye, and form the lacus lacrimalis into which the 
puncta dip. If there is a perfect and water-tight closure of the lids, 
the pressure exerted by the latter at length forces the tears into the 
puncta. The passage of the tears into the lachrymal sac is facilitated 
by the passive dilatation of the latter that occurs as the lid is closing ; 
for the fibers of the palpebral portion of the orbicularis arise in part 
from the internal palpebral ligament (Horner’s muscle, H, Fig. 93), 
and hence, in contracting as they do during the closure of the lids, 
draw the ligament away from the lachrymal bone. The anterior wall 
of the lachrymal sac which is connected with the palpebral ligament 
is drawn up at the same time with it, so that the lachrymal sac is dilated 
and the contents of the canaliculi are, so to speak, sucked into it. 

(4) The conveyance of the tears from the lachrymal sac into the 


DISEASES OF THE LACHRYMAL ORGANS. 511 


nose is due partly to the constant entrance of other charges of tears 
from the canaliculi and partly to the weight of the fluid; but the 
chief part in the process is performed by the elasticity of the lachrymal 
sac. In virtue of this elasticity the sac when distended by the tears 
tends to contract again and thus expels the tears. Hence, in those 
pathological cases in which the lachrymal sac has lost its elasticity 
(atony of the sac) we observe that the conduction of tears downward is 
arrested, even though the nasal duct is completely pervious. 


The mucous membrane of the canaliculi is lined with laminated pavement 
epithelium, that of the lachrymal sac and nasal duct with a single layer of 
cylindrical epithelium. Acinous mucous glands are frequently found in the 
latter. The mucous membrane at different spots projects in the form of folds 
into the lumen of the lachrymal passages—a phenomenon which has been de- 
scribed as a formation of valves. The largest of these folds is Hasner’s valve, at 
the lower orifice of the nasal duct. This, however, is not a true valve, any more 
than are the others—that is, not a valve which could close up the lumen of the 
lachrymal channel. On the contrary, it is simply a fold produced by the great 
obliquity with which the nasal duct passes through the mucous membrane of 
the nasal fossa, Like the other folds of mucous membrane in the lachrymal 
passages, it is not of constant occurrence. 

Duplication of the puncta and canaliculi, and also their absence, have been 
recorded as congenital anomalies. 

Different theories have been put forth to account for the transmission of 
tears into the nose. It is certain that perfect closure of the lids forms an indis- 
pensable condition for the conduction of tears. If this closure is interfered with 
—e. g., by paralysis of the orbicularis, shortening of the lids, notching of the 
border of the lid, ete.—epiphora at once makes its appearance. The passage of: 
tears into the lachrymal sac takes place even when the rest of the way to the 
nose is cut off by the obliteration of the nasal duct. Hence it follows that the 
tears are not sucked into the lachrymal sac through the rarefaction of the air in 
the nose during inspiration (aspiration theory of E. H. Weber and Hasner). 


JI. BLENNORRHGA OF THE LACHRYMAL Sac. 


119. Symptoms.—The patient comes with the complaint of the tears 
running over (epiphora*). On careful inspection we notice that the 
skin in the region of the lachrymal sac protrudes so as to appear fuller 
than on the other side. This swelling—tumor lacrimalis—is caused by 
the lachrymal sac being distended by the excessive accumulation of its 
contents. When pressure is made upon the tumor the contents are 
evacuated externally through the puncta, and appear, in recent cases, 
under the form of a purulent, in older cases as a mucous or even limpid 
liquid. Sometimes, when pressure is made upon the lachrymal sac, the 
contents are forced not through the puncta but downward through the 
nose, in which case we do not get a view of them. Associated with 


* From émpépeoda. to rush upon. We also say tlcerimatio or stillicidium (from 
stilla, drop, and cadere, to fall). 
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these symptoms, which are an evidence of ‘distention and abnormality 
in the secretion of the lachrymal sac, is a contraction (stricture) of the 
nasal duct. The proof of this is produced when we attempt to explore 
the duct with a Bowman’s sound, in doing which we come upon a 
spot where the duct is contracted or even altogether obliterated. 

Etiology.—The immediate cause of a blennorrhcea of the lachrymal 
sac is a stricture of the nasal duct. Such a constriction may be pro- 
duced, for example, by a swelling of the mucous membrane of the nasal 
duct. The tears can then no longer be fully discharged into the nose. 
But as new tears are constantly being forced, by the act of winking, into 
the lachrymal sac, the latter becomes more and more filled up and dis- 
tended. ‘The lachrymal fluid that thus accumulates in the sac soon 
decomposes. ‘I'he tears, in fact, carry with them from the surface of 
the eyeball a quantity of germs, which find the best conditions for their 
development; within the lachrymal sac in the fluid which remains stag- 
nant there, and which is kept at the temperature of the body. Asa 
matter of fact, the contents of the lachrymal sac in blennorrhcea of the 
latter are seen under the microscope to swarm with micro-organisms of 
all kinds. The decomposed fluid acts as an irritant upon the mucous 
membrane of the sac, which undergoes inflammation and throws out a 
pyoid secretion that mixes with the tears that stagnate in the sac. The 
contents of the sac thus grow constantly more turbid and ultimately re- 
semble pus. Blennorrhoea of the lachrymal sac is, hence, nothing but a 
catarrhal inflammation of the mucous membrane of the sac. ‘he name 
blennorrheea is correct only in so far as it signifies purulent discharges 
in general; and it would be a mistake to think in this connection of a 
specific inflammation of the mucous membrane of the lachrymal sac 
analogous to blennorrhcea of the urethra or of the conjunctiva. This 
is proved by the fact that we can evacuate the purulent secretion of the 
lachrymal sac as often as we choose by pressing upon it, without any 
blennorrhoea of the conjunctiva ever developing in consequence. The 
secretion of the blennorrhceal lachrymal sac, therefore, possesses no 
specific poisonous property; it is only virulent in the sense that all 
purulent or decomposed fluids are—i. e., in containing pus-cocci in 
great numbers. Hence, in blennorrhcea of the lachrymal sae, infection 
of ulcers of the cornea readily occurs, so that abscesses of the cornea 
develop. 

The constriction of the nasal duct which, from what has been said, 
forms the starting-point for blennorrhoa of the lachrymal sac, develops 
as a rule, in consequence of affections in the nasal cavity. Such affec- 
tionsare: 1. Znflammation of the nasal mucous membrane. Under this 
head belongs coryza in its various forms, whether acute or chronic, and 
whether a simple catarrhal trouble, or one of scrofulous or syphilitic 
origin. In these cases a swelling of the mucous membrane of the nose 
exists, which, owing to the presence of the submucous cavernous tissue, 
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may very readily reach quite a high degree, so that the nasal cavity is 
rendered impermeable by it. The swelling extends by continuity to the 
mucous membrane of the nasal duct, being particularly due to the en- 
gorgement of the numerous veins lying beneath the latter, an engorge- 
ment which of itself is sufficient to close the lumen of the nasal duct. 
In the ordinary form of ozzena (rhinitis atrophicans) there is no swell- 
ing, but a cicatricial contraction of the nasal mucous membrane 
which may be continued from the inferior orifice of the nasal duet 
into the latter and may thus lead to its constriction. 2. Ulcers, such 
as those which are apt to be associated with the scrofulous and specific 
inflammations of the nasal mucous membrane, and also lupous ulcers. 
As the ulcers heal, cicatricial constriction or even obliteration of the 
nasal duct takes place. This is the more to be apprehended if the sub- 
jacent bones are also implicated. 3. Tumors. ‘These may conceal the 
lower orifice of the nasal duct, and thus cause stoppage of the flow of 
tears. The most frequent tumors of this kind are polypi. 

Course.—Blennorrheea of the lachrymal sac is an eminently chronic 
disease, the course of which is counted by years. A spontaneous cure 
may indeed occur, if, as the swelling of the mucous membrane of the 
nasal duct abates, the lumen of the duct becomes free once more, and 
at the same time the catarrhal inflammation of the lachrymal sac sub- 
sides. This, however, occurs but rarely. The rule is that without arti- 
ficial aid no cure takes place, but the following course of events ensues: 
The secretion that at first was purulent becomes after some time mu- 
cous and viscid; at length, in consequence of atrophy of the mucous 
membrane, its secretion ceases altogether. Then the distended lachry- 
mal sac contains simply a clear liquid, namely, the tears which have 
accumulated in it. But the epiphora nevertheless keeps on, because 
the constriction of the nasal duct prevents the conduction of the tears 
into the nose. 

As a result of the constant distention of the lachrymal sac by fluid, 
its walls at length lose their elasticity. When this condition, called 
atonia sacci lacrimalis, has set in, the tears are no longer carried down 
into the nose, even if the nasal duct again becomes perfectly pervious. 
The distention of the lachrymal sac may keep on increasing more and 
more, so that it presents a fluctuating tumor of the size of a walnut and 
over. This either projects far forward, or often it extends deep into the 
orbit, so that the eyeball is displaced by it (exophthalmus). It is filled 
with a clear, watery fluid, hence the name hydrops sacct lacrimalis. 

Blennorrhcea of the lachrymal sac chiefly causes trouble through 
the epiphora, which compels the patient to dry his eye frequently. The 
lachrymation increases in cold weather, and in wind, smoke, ete. If it 
lasts a long time it leads to chronic catarrh of the conjunctiva and to 
blepharitis ulcerosa. If these two conditions are found in one eye 
alone, they must always excite the suspicion of there being a lesion of 
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the lachrymal sac. In the subsequent course of the disease the moisten- 
ing of the lower lid by the tears leads to eczema of the lid, contraction 
of the skin covering it, and ultimately to ectropion. By these condi- 
tions, again, the lachrymation itself is increased. In the presence of 
blennorrhcea of the lachrymal sac, abscesses of the cornea may develop 
from erosions of the latter, and operation-wounds also may readily be- 
come infected. 

120. Treatment.—This must first of all have regard to the nasal 
disease which hes at the root of the trouble, and, if this still exists, 
must apply suitable measures for its relief. As regards the lachrymal 
sac itself, the patient is to be told to evacuate it very frequently by 
pressing with the finger upon the inner angle of the eye. In this way 
the accumulation of the secretion and the consequent decomposition 
of the latter, together with the dilatation of the lachrymal sac, are com- 
bated. In addition it is advisable to cleanse the lachrymal sac by syring- 
ing. We select for this purpose disinfectant solutions (1—-4,000 subli- 
mate solution, three-per-cent solution of boric acid), which can after- 
ward be replaced by astringent solutions. The liquid is injected through 
the canaliculus by means of a syringe having a slender cannula with a 
right-angled bend in it (Anel’s syringe). 

The main burden of treatment hes in the removal of the strict- 
ure of the nasal duct, by gradual dilatation with sounds according to 
Bowman’s method. As a preliminary to the treatment by sounds, 
slitting of the inferior canaliculus is performed. 'To do this, the infe- 
rior canaliculus is first dilated with the conical sound, the pointed 
extremity of which is introduced into the inferior punctum, and then 
pushed on in the canaliculus until it strikes against the inner wall of 
the lachrymal sac (lachrymal bone). After withdrawing the sound we 
introduce a Weber’s knife into the dilated canaliculus, in such a way 
that the edge of the knife looks up and a little backward. By rapidly 
raising the knife, the probe-pointed extremity of which rests in the 
lachrymal sac, the canaliculus is slit open, and is thus converted into 
an open groove, looking upward and a little backward. The object of 
slitting the canaliculus, as a preliminary to the operation of sounding, 
is to facilitate the introduction of the sounds into the lachrymal sac. 

For sounding the nasal duct we make use of Bowman’s sounds, 
which are kept on hand in different sizes, numbered from one to six. 
The sound is first introduced through the inferior canaliculus, after 
this has been slit open, and is passed in until it strikes against the 
inner wall of the lachrymal sac; the sound taking the direction of the 
canaliculus—that is, extending from the outer side and below in a direc- 
tion upward and inward. Then we tilt the sound—that is, we direct it 
so as to be about perpendicular by lifting its free extremity until its 
point, which is in the lachrymal sac, points to the furrow between the 
ala of the nose and the cheek, this giving the position of the inferior 


DISEASES OF THE LACHRYMAL ORGANS. 515 


vrifice of the nasal duct. The sound, being thus placed in an upright 
position, is now slowly and cautiously pushed downward until it rests 
upon the floor of the nasal fossa. In so doing we necessarily pass the 
contracted spot, the favorite seat of which is either the point where the 
lachrymal sac enters the nasal duct, or the inferior extremity of the 
latter—the former spot, because it is normally the narrowest point in 
the lachrymal passages; the latter, because it is affected sooner than is 
the rest of the lachrymal tract by diseases of the nasal mucous mem- 
brane. We begin with the slenderest sounds. If we can not pass the 
contracted spot with one of these, we must not push the sound forcibly 
forward, but must keep trying again and again on succeeding days to 
introduce the sound, until at length we succeed in carrying it down 
into the nose. The sound after its introduction is allowed to remain 
for about a quarter of an hour. We repeat the sounding every day, or 
every other day, gradually passing to larger and larger sounds, until at 
length the nasal duct is readily pervious and the epiphora has ceased. 
Even then the sounding should not be at once discontinued, as in that 
case the spots which had been dilated would soon close up again, owing 
to renewed contraction of the cicatrices. The sounding must therefore 
be repeated again and again at longer intervals (of a week to a month). 

The duration and the success of the treatment with sounds depend 
upon the nature of the contraction. The most favorable cases are those 
in which the contraction is caused by simple inflammatory swelling of 
the mucous membrane ; those in which cicatricial strictures are present 
are less favorable, and the least favorable are those in which the nasal 
duct is completely obliterated at some spot. Cases of the latter kind 
do not, for the most part, admit of a permanent cure. Even in the most 
favorable cases the duration of the treatment amounts to from four to 
six weeks, and it usually requires several months. If strictures due to 
cicatrices are present, recurrences may set in, owing to renewed con- 
traction of the cicatricial tissue ; and, in fact, this unfortunately occurs 
so often that permanent cures form the exception. 

Those cases which can not be cured by treatment with sounds 
require, if they give rise to considerable annoyance, the destruction of 
the lachrymal sac. This can be accomplished either by extirpation or 
by obliteration. In either case the operation is begun by opening the 
lachrymal sac through an incision from in front. This is performed 
according to Petit’s method, for the performance of which Arlt has 
given the following guides. By drawing the lids to the outer side the 
internal palpebral ligament is put on the stretch, so that it 1s seen 
through the skin of the inner angle of the eye as a prominent projec- 
tion. The point of a sharp scalpel is introduced exactly beneath, the 
center of the ligament. The back of the knife looks upward and the 
knife itself is held so that its handle passes through the middle point 
of an imaginary line drawn from the apex of the nose to the outer 
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margin of the orbit. The knife held in this direction is thrust verti- 
cally in, thus penetrating through the skin and the anterior wall of the 
lachrymal sac. As soon as we feel the point of the knife striking 
against the posterior wall of the lachrymal sac (lachrymal bone) we no 
longer push it forward, but depress its point by raising the handle as 
high as the forehead. If now the knife is pushed forward, its point 
enters the upper part of the nasal duct, the wound in the anterior wall 
of the lachrymal sac being at the same time enlarged. After with- 
drawing the knife we enlarge the wound upward and downward, so as 
to have a view of the mucous membrane of the lachrymal sac through- 
out its whole extent. 

After we have completed the opening of the lachrymal sac we pro- 
ceed to destroy it. If we intend to perform this by eztirpation, the 
mucous membrane of the sac, which now hes exposed, is dissected out 
through its entire extent. If we should not succeed in doing this 
completely on account of the great friability of the mucous membrane, 
we can scrape out the remainder with a sharp spoon. After this we 
sew up the external wound, and secure the apposition of the walls of 
the cavity by means of a pressure-bandage. If we wish to perform 
obliteration of the lachrymal sac, we either introduce a caustic (the 
best one being the Vienna paste, which is molded into a little ball 
with the aid of some flour and water) into the cavity of the lachrymal 
sac after it has been laid open, or we destroy the mucous membrane 
with the actual cautery. The external wound in that case should not be 
closed up, as the escharotic mucous membrane has to be cast off, after 
which the cavity gradually closes by the formation of granulations. 

Both extirpation and obliteration of the lachrymal sac lead to the 
same result. The former is more difficult of performance, but gives a 
shorter period of treatment; if healing takes place by first intention, 
the cure is completed in a few days. After the operation for oblitera- 
tion of the lachrymal sac it takes several weeks for the wound-cavity 
to become completely closed. In both methods it is absolutely neces- 
sary that all the mucous membrane be either removed or destroyed, for, 
if a residue of the mucous membrane has been left, the secretion con- 
tinues and a fistulous opening remains. 

Destruction of the lachrymal sac is suitable in those cases in 
which the treatment by sounds is likely to be without result. This is 
the case where there are very extensive cicatricial contractions or com- 
plete obliteration of the nasal duct. It is still more advantageous if 
there are at the same time demonstrable changes in the bone, shown 
either by our coming upon bared and roughened bone in the act of 
sounding, or by there being an externally visible implication of the 
bone manifested by a sinking in of the nose (in consequence of syphi- 
lis). Furthermore, cases of atony and dropsy of the lachrymal sac, 
and also those cases in which external circumstances render a protracted 
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treatment by sounds impracticable for the patient, are suitable ones in 
which to perform destruction of the sac. 

Whule the treatment by sounds in favorable cases restores the nor- 
mal conduction of the tears, the possibility of this restoration is for- 
ever prevented by the operation for destruction of the lachrymal sac. 
Hence a condition of epiphora always remains, which, however, reaches 
a troublesome degree only when, in consequence of irritation of the 
conjunctiva, there is an excessive secretion of tears. As a compensat- 
ing circumstance the patients are relieved of the presence of a con- 
stantly suppurating cavity which continually exposes them to the dan- 
ger of getting an abscess of the cornea, and which also usually gives 
rise from time to time to acute phlegmons (dacryocystitis). 


II. DacryYocystTITIS. 


122. Symptoms.—In an individual who suffers from blennorrhcea 
of the lachrymal sac, a violent inflammation may suddenly develop in 
the region of the sac. The skin in its vicinity is reddened and greatly 
swollen; the swelling also extends to the lids, and even to the conjunc- 
tiva, in which there is chemosis. The inflammation is accompanied by 
fever and violent pain, so that the patient is deprived of sleep for 
several nights. After some days the skin at the apex of the swelling 
tukes ona yellowish discoloration, and finally becomes perforated, when 
quite a large quantity of pus is evacuated. Upon this the pain abates 
and soon ceases altogether, and the swelling also rapidly goes down. 
Later on there is discharged from the perforation a fluid which at first 
is purulent, afterward mucous, and at length perfectly clear like water. 
Ultimately nothing but the tears which are forced into the lachrymal 
sac run out again through the perforation, which latter is hence called 
a lachrymal fistula. 

As long as the lachrymal fistula remains open the patient is safe 
from any new attack of inflammation. But if the fistula closes up and 
the tears again accumulate in the lachrymal sac, a recurrence of the 
dacryocystitis may ensue. 

Dacryocystitis consists in a purulent inflammation of the connect- 
ive tissue surrounding the lachrymal sac. ‘This inflammation leads to 
purulent disintegration of the submucous tissue with the formation of 
an abscess which ruptures externally. Dacryocystitis is accordingly a 
phlegmon. Blennorrhoea of the lachrymal sac, on the contrary, is a 
catarrhal inflammation of the mucous membrane itself, in which the 
purulent secretion of the latter is deposited upon the surface only. 
The connection between the two diseases consists in the fact that blen- 
norrhoa of the sac precedes the development of the phlegmon and 
gives rise to it; for the blennorrhceal sac is filled with decomposed 
secretion, and it only requires the presence of a small defect in the epi- 
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thelial covering of the mucous membrane of the sac to enable the micro- 
organisms of the secretion to penetrate into the submucous tissue, where 
they excite suppuration and cause dacryocystitis. 

Treatment.-—If we are dealing with a dacryocystitis in its very in- 
ception, we may try to prevent the development of an abscess. With 
this end in view, we sedulously express the fluid from the lachrymal sac, 
inject it with antiseptic solutions, and in the intervals apply a pressure- 
bandage, which constringes it. 

If the inflammation has passed the initial stage, it is idle to endeavor 
to prevent the formation of an abscess; besides, the methods of syring- 
ing, expression, and compression, given above, could not be employed, on 
account of the swelling and painfulness of the parts. ‘The only thing 
to do now is to hasten the formation of the abscess, an object which 
is best attained by the use of moist and warm compresses. As soon as 
fluctuation makes itself apparent, we incise the anterior wall of the 
lachrymal sac, or that portion of the skin beneath which the presence 
of pus can be made out. <A lachrymal fistula is thus artificially pro- 
duced, through which the contents of the abscess and of the lachrymal 
sac itself are discharged externally. This is kept open by the intro- 
duction of a strip of iodoform gauze every day, until all inflammatory 
symptoms have disappeared and the secretion that exudes has lost its 
purulent character. But even then we ought not to allow the fistula 
to close at once, for we must recollect that a blennorrhcea of the lach- 
rymal sac has preceded the dacryocystitis, and that consequently there 
is a stricture present in the nasal duct. If the fistula should close 
without the stricture being relieved, we should have to apprehend an- 
other attack of dacryocystitis. Hence, the permeability of the nasal 
duct must first be restored by treatment with sounds. When we have 
succeeded in doing this the fistula usually closes of itself. If this 
should not be the case, we can effect a closure of the fistula by either 
refreshing and uniting the edges of the wound or by their cauteriza- 
tion. If the conditions are such that a permanent state of pervious- 
ness of the lachrymal channels is unattainable, we proceed to the opera- 
tion of destroying the lachrymal sae. 


It is extremely rare for the lachrymal gland to be the seat of disease. Among 
such diseases belong: 1. Inflammation [dacryo-adenitis]. This may go on to 
resolution; in other cases, suppuration of the gland with discharge of the pus 
externally has been observed, a fistula of the lachrymal gland remaining after- 
ward. There have even been described cases of bilateral dacryo-adenitis which 
ran either an acute or more frequently a chronic course; some of these cases 
were complicated with simultaneous swelling of the parotid glands. 2. New 
formations, including carcinomata, adenomata, cylindromata, lymphadenomata, 
chloromata, and sarcomata. 38. Cystoid dilatation of one of the ducts of the 
gland—a condition which is designated under the name of dacryops. 4. At- 
rophy of the lachrymal gland in xerosis (Arlt ; see page 113). 
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In the puncta there can be frequently made out a change of position of such 
a character that the lower punctum is turned outward (forward) instead of look- 
ing upward (eversion of the punctum). This represents the very first stage of an 
ectropion—a stage which bears within itself the germ for its own development 
(see page 490). In simple eVersion of the punctum, without ectropion proper, 
the epiphora can be relieved by slitting the canaliculus. The tube is thus con- 
verted into an open groove, which looks backward and hence dips into the lacus 
lacrimalis end takes up the tears. Bowman has the credit of showing that the 
conduction of tears is not injuriously affected by the slitting of the canaliculus. 
If this operation is performed with Weber’s knife in the way described above, 
it affects only the external two thirds of the canaliculus; the inner third of the 
latter lies beneath (behind) the caruncle, and remains unopened. Slitting of 
this most internal part would be possible only if the caruncle were divided at 
the same time; and if this were done, the cut surfaces that were made would be 
pretty broad, and it would be quite hard to prevent their reunion. Even in the 
ordinary method of performing the operation of slitting, the divided canaliculus 
is usually found to have closed up again on the following day, so that we have 
to introduce the conical sound and thus tear apart the slightly agglutinated 
edges of the wound. If in this way readhesion is prevented the first time, the 
cut surfaces become clothed with epithelium, so that afterward adhesion is no 
longer to be apprebended. 

In both the pwncta and canaliculi contraction and even obliteration are 
sometimes observed, the consequence of which is also epiphora. The most fre- 
quent cause giving rise to these conditions is injury of the mucous membrane of 
these structures due to sounding. To remove them, we must endeavor to 
enter the canaliculus with a conical sound and thus dilate it, or, if necessary, 
we must slit it up. Occlusion of the canaliculi may also be produced by foreign 
bodies or by concretions. The latter are of a gray or grayish-green color and 
of friable or hard consistence, and prove to be conglomerated masses consisting 
of a fungus, the Streptothrix Fersteri. In some cases cystoid dilatation of the 
canaliculi has been found. This arises from an obliteration of the canaliculus 
at both extremities and the accumulation of fluid in its cavity, so that the tube 
is gradually distended till it forms a cyst. 

Blennorrhwa.—F or the two most important diseases of the lachrymal tract— 
namely, blennorrhcea of the lachrymal sac and dacryocystitis—the expression 
dacryocystitis catarrhalis and dacryocystitis phlegmonosa have been proposed. 
Although they correspond to the actual state of things better than do the old 
designations, I do not employ them, not wishing to give rise to confusion. 
Some observers have also distinguished another form called dacryocystitis blennor- 
rhaica. Under this name are designated those cases in which a blennorrheea of 
the lachrymal sac exists in conjunction with trachoma of the conjunctiva. 
This is a pretty frequent occurrence, which has been interpreted as meaning 
that the secretion of the trachomatous conjunctiva enters the lachrymal sac and 
infects its mucous membrane. In that case we should have to do with a true 
blennorrheea of the lachrymal sac—i. e., with a specific inflammation of its 
mucous membrane. This variety is supposed to differ from the ordinary catar- 
rhal blennorrheea of the lachrymal sac, in that the secretion in the former is 
purulent, in the latter mucous. But the nature of the secretion does not de- 
pend upon the variety of blennorrheea existing in the lachrymal sac, but upon 
the stage in which the latter is at the time: it is purulent in recent cases, 
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mucous or watery in those which are more advanced. That blennorrheea of the 
lachrymal sac occurring in trachoma may arise from a specific infection of the 
sac, is doubtless possible and indeed probable, but is by no means certainly 
proved. Jt is an exceedingly frequent thing to tind ozena in trachomatous 
patients, in which case the blennorrhca of the lachrymal sac is much more 
likely to be referable to this than to the trachoma. And infection of the mu- 
cous membrane of the lachrymal sac through the blennorrhceal virus does not 
take place in acute blennorrheea of the conjunctiva, although the latter is much 
more infectious than trachoma. 

Blennorrhcea of the lachrymal sac affects the female more frequently than 
the male sex, perhaps on account of the zealous use that the former makes of 
the lachrymal apparatus. Persons having the bridge of the nose flattened (flat 
noses and ‘‘saddle-noses,” particularly when due to hereditary disease) also are 
predisposed to this affection. 

Tuberculosis of the lachrymal sac oceurs as a secondary affection in tubercu- 
losis of the conjunctiva or in tuberculosis (lupus) of the nasal mucous mem- 
brane. The lachrymal sac feels very much thickened, and upon opening it we 
find its inner surface lined with discolored granulations (cf. pages 102, 108). 

Injections into the lachrymal sac are not only of service for cleansing it and 
for the treatment of its mucous membrane, but also for determining whether the 
lachrymal channels are permeable. If this is the case, the injected fluid enters 
the nose, and, if the patient bends his head forward during the injection, runs 
out by the nasal orifice. If the injection is performed incautiously, it may hap- 
pen that the mucous membrane is injured by the point of the cannula, and the 
fluid is injected into the subcutaneous cellular tissue of the lids. A marked in- 
flammatory cedema is thus set up, which, however, usually abates in a few days 
without producing any bad results. 

The operation of sounding can be performed through either the upper or 
lower canaliculus. The former is narrower, but, as an offset to this, we have to 
turn the sound but little after its introduction in order to place it upright. In 
sounding through the lower canaliculus, the sound must be tilted so as to be 
turned through more than a right angle, but the canaliculus is wider. <Ac- 
cordingly, the lower canaliculus is usually selected because the mucous mem- 
brane of the narrow canal would be lacerated in passing sounds of a higher 
number, The consequence of this would be contraction or obliteration of the 
canal, which would set in as soon as the sounding is stopped. The sound can 
also be introduced and carried into the nose through a canaliculus which has 
not been slit up, but this is unadvisable, because of the likelihood of producing 
injuries to the mucous membrane such as have just been mentioned. I usually 
do it only for diagnostic purposes (for demonstrating the presence of a stricture), 
and then only employ the sounds of the lowest number, which can be readily 
introduced even through a canaliculus that has not been slit open. Preliminary 
slitting of the canaliculus is always indicated when the treatment by sounds is 
to be kept up for any length of time. 

The act of sounding itself requires a deft hand and much experience, for 
which reason it ought first to be practiced very industriously upon the cada- 
ver. It is often very painful, so that the patients sometimes become faint dur- 
ing its performance. Hence, the indication is to make the mucous membrane 
of the lachrymal tract insensitive, by the preliminary injection of a few drops of 
a solution of cocaine into the lachrymal sac. Beginners in sounding frequently 
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make the mistake of tilting the sound before its point has got into the lachrymal 
sac. We then feel an obstacle opposing the downward progress of the sound, 
and if we should try to overcome this obstacle by force we would make a false 
passage. That the sound has been tilted up too soon, is recognized from the 
fact that, when it is set vertical, the skin beneath the canaliculus is drawn along 
with it and is thrown into wrinkles. We shall not commit this mistake if we 
avoid tilting the sound until we distinctly feel through its point the firm resist- 
ance offered by the inner osseous wall of the lachrymal sac (the lachrymal bone). 
The obstacles opposing the passage of the sound in the nasal duct may be actual 
constrictions of the duct, but are often nothing but projecting folds in which 
the sound catches. We accordingly try to push our way forward by sliding the 
point of the sound sometimes along one, sometimes the other, wall of the lach- 
rymal sac in order to smooth out the folds. Sometimes we can pass a rather 
thicker sound (No. 3) more readily than we can the thinnest ones; the latter, 
moreover, are more apt to injure the mucous membrane, so that we get beneath 
it and make a false passage. Bleeding from the nose after sounding points to 
an injury of the mucous membrane, as does also the striking of the apex of the 
sound upon bare bone. The latter, however, can also happen without the mu- 
cous membrane being injured, if, for example, the bone has been already denuded 
by ulcerative disintegration of the mucous membrane of the nasal duct. In cases 
of this kind a cure can not usually be obtained by treatment with sounds. 

When finally the sound has been passed all the way through, it is felt to rest 
upon the floor of the nasal cavity. In most persons the central lamina’ of the 
sound then lies upon the inner end of the eyebrow. To ascertain the position 
of the sound more precisely, we may place on the outside a second sound of the 
same iength in the direction of the lachrymal tract and in such a way that the 
lamine of the two sounds are superimposed; the exterior sound then shows 
at what height the lower extremity of the sound that we have introduced 
stands. 

Treatment by sounds must be kept up until at least No. 4 of Bowman's 
sounds passes with ease. Then the patient may be instructed how to pass the 
sound upon himself with the aid of a looking-glass, so that the sounding may 
be performed from time to time subsequently in order to prevent a recurrence 
of the contraction. 

The long duration of the treatment by sounds has excited a desire to accom- 
plish the dilatation of the strictures rapidly instead of gradually, and thus 
shorten the treatment. This can be done either by Weber’s method of intro- 
ducing very thick sounds, or by Stilling’s method of incising the strictures with 
a knife designed for the purpase, or by a combination of both methods. By 
these methods of treatment, however, solutions of continuity are made in the 
mucous membrane, which lead to the formation of fresh cicatrices, and which 
hence, after a period of apparent cure, entail recurrences that are all the more 
rapid in their development. Most ophthalmologists therefore prefer the grad- 
ual dilatation of the strictures. 

Dacryocystitis almost always originates from a blennorrheea of the lachrymal 
sac; consequently the patients declare that epiphora has existed for quite a 
long time before the acute inflammation which they often designate under the 
name of erysipelas. It is only in very rare cases that a caries of the lachrymal 
bone gives rise to dacryocystitis. Children sometimes come into the world 
with a‘recent dacryocystitis, or they acquire one a few days after birth. The 
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diagnosis of dacryocystitis is easy to make, from the situation of the abscess, 
which corresponds to the region of the lachrymal sac. To be sure, a furuncle 
developing in the skin over the lachrymal sac might produce similar symptoms, 
but furuncles scarcely ever occur in this region. We shall therefore scarcely 
be mistaken if we make the diagnosis of dacryocystitis in the case of an 
abscess situated in the region of the lachrymal sac. The spot where the pus 
breaks through, however, does not always correspond with the position of the 
sac. It usually lies beneath, being often quite a distance below and to the out- 
side of it. This depends upon the fact that the pus beneath the skin sinks 
down, and in so doing travels toward the outer side along the inferior margin 
of the orbit, since the skin along this line is attached to the bone by rigid con- 
nective tissue. The farther the pus sinks before it makes its way through the 
skin, the longer will be the fistulous canal that remains. That an opening in 
tbe skin which lies far below and to the outer side may still be a lachrymal fis- 
tula, can be demonstrated by our ability to push a sound through from the 
opening into the lachrymal sac. If we should not succeed in this, we inject a 
colored liquid from the canaliculus into the sac; we then see it flow out again 
by the orifice of the fistula. 

Later on in their course, lachrymal fistulae contract and sometimes become 
so minute that they are permeable by nothing but a fine bristle. The external 
orifice of these capillary jistule, as they are called, is then scarcely visible with 
the naked eye. We simply notice a drop of clear lachrymal fluid appearing 
from time to time upon the skin beneath the lachrymal sac; it is only upon 
careful examination that we notice the capillary opening. 


Disturbances in the function of the lachrymal apparatus find expression 
either under the form of epiphora or of absence of the tears. piphora is an ex- 
ceedingly frequent symptom of the most various conditions, end is either based 
upon an increase in the secretion or a hindrance to the discharge of the tears. 
The former occurs physiologically in weeping, and also in the presence of all 
sorts of irritants affecting the terminal expansion of the trigeminus and its 
vicinity. Among these are bright light, air rendered foul by smoke, etc., 
foreign bodies in the conjunctival sac, inflammations of the eye and its adnexa, 
affections of the nose, and neuralgia of the first and second branches of the 
trigeminus. Interference with the conduction of tears into the nose may have 
its cause either in incomplete closure of the lid or in anomalies of the lachrymal 
passages. Among affections producing the former condition are to be men- 
tioned paralysis of the orbicularis, shortening or ectropion of the lids, notching 
of the border of the lid, and even simple eversion of the lower punctum; to 
the latter belong all the affections of the lachrymal channels which have been 
treated of in this chapter. It not infrequently happens that persons complain 
of epiphora, especially if they go out in cold weather, without our being able 
to find any cause for it. In many of these cases there is probably an excessive 
irritability of the mucous membrane of the nose which excites increased secre- 
tion of tears in a reflex way. So, too, pungent odors, such as the vapor of am- 
monia, horseradish, etc., which irritate the terminal extremities of the trigemi- 
nus in the nasal mucous membrane, often bring the tears to our eyes; and lach- 
rymation is likewise very often present in severe coryza. A like connection also 
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exists in the contrary sense, in that a bright light striking upon the eye excites 
an impulse to sneeze, as is observed especially in children with photophobia, 
when the attempt is made to open their eyes for purposes of examination. 
Hence, in cases of epiphora for which no other cause can be found, it is requi- 
site to examine the nose carefully and treat it according to the indications. 

The opposite condition, namely, abolition of the lachrymal secretion, is ex- 
tremely rare. It is found in paralysis of the trigeminus, in consequence of inter- 
ference with the innervation of the lachrymal gland; and in xerophthalmus, in 
consequence of atrophy of the gland. A purely nervous disturbance lies at the 
bottom of those cases in which persons declare that formerly they wept a good 
deal, but that for a long time past they have not been able to weep, even when 
very much distressed. 


CHAPTER XIV. 


DISTURBANCES OF MOTILITY OF THE EYE. 


ANATOMY AND PHYSIOLOGY OF THE OCULAR MUSCLES. 


122. T'H5 ocular muscles are distinguished into extrinsic and intrin- 
sic. ‘The later, also called the interior muscles of the eye, are the 
sphincter pupillz and the ciliary muscle. Of these we shall have some- 
thing to say later; at present we shall concern ourselves only with the 
extrinsic muscles. ‘These are six in number, four straight and two ob- 
lique. 

The four straight muscles are the rectus internus, externus, superi- 
or, and inferior. All four take their origin from the apex of the orbit 
along the bony circumference of the foramen opticum (/, Fig. 94), and 
from this point run forward, diverging as they go. ‘They thus bound a 
funnel-shaped space, the muscular funnel (¢, ¢), the apex of which lies at 
the foramen opticum, while the eyeball forms its base and the optic 
nerve (0) runs along its axis. ‘The external and internal recti muscles 
(¢ and e) are inserted into the sclera to the outer and inner side of the 
cornea; the superior rectus (sz) has its insertion above (s,), the inferior 
rectus below, the cornea. The attachment is effected by means of short 
tendons which spread out in the form of a fan and become fused with 
the sclera, which in this way is thickened in its most anterior portion. 

The two oblique ocular muscles are the obliquus superior and in- 
ferior. Their course is more complicated than that of the straight 
muscles. ‘The superior oblique (os, Fig. 94) also arises from the mar- 
gin of the optic foramen and runs forward upon the upper and inner 
wall of the orbit as far as the trochlea, before reaching which it passes 
into its tendon. The trochlea itself (7) Figs. 94 and 95) lies a little 
behind the upper and inner margin of the orbit. It consists of a firm 
fibrous loop through which the tendon of the muscle is carried in such 
a way as to be able to glide up and down in it. After traversing the 
trochlea, the tendon bends backward at an acute angle, and passes 
beneath the superior rectus to the eyeball. Here it spreads out in the 
form of a fan, and is inserted in the upper half of the eyeball about in 
the vertical meridian and behind the equator (os, Fig. 94). 

The inferior oblique arises from the lower margin of the orbit near 
its inner extremity (07, Fig. 95). From here it runs upward and out- 
ward and arrives at the outer side of the eyeball, into which it is in- 
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serted about in the horizontal meridian and also behind the equator 
(ov, Fig. 94). 

The tendons of the ocular muscles before reaching the sclera must 
pass through the fascia of Tenon which surrounds the eyeball. In the 
spot where the tendon of the muscle perforates the fascia, the latter 
does not present a simple aperture, but is reflected backward upon the 
tendon (e and e,, Fig. 53). It 
ensheaths the tendon and far- 
ther back is continuous with the 
fascia which envelops the mus- 
cle itself. By these “lateral in- 
vaginations,” therefore, the ten- 
dons are connected with Tenon’s 
capsule—a fact which is of im- 
portance with regard to the ope- 
ration for squint. 

The innervation of the ocu- 
lar muscles is accomplished by 
three nerves. The oculo-motor 
nerve supplies the internal, su- 
perior, and inferior recti, and 
also the inferior oblique ; and, Fie. 94.—HorizonTaL SECTION THROUGH THE Or- 


. hie BIT (SCHEMATIC). NATURAL SIZE. 
In addition, the levator palpe- The apex of the orbit is formed by the foramen 


ip ca les . opticum, The external wall of the orbit does 
bree superloris and the internal not reach as far forward as the internal, so 


that its anterior margin, A, lies in the same 
plane as the equator of the eyeball. At the 
anterior extremity of the internal wall of the 
orbit is shown the trochlea, 7, which in reality 
lies in the upper and inner angle of the orbit, 
and hence would not be met with in the cross- 
section of the orbit that is here represented. 
The external rectus, e, and the internal rectus, 
i, bound the muscular funnel, ¢, ¢t. A portion 
of the superior rectus (sw) is cut away to show 
the optic nerve, 0. s, is the insertion of the 
superior rectus upon the eyeball, lying oblique- 
ly to the margin of the cornea. os, is the fon 
shaped insertion of the tendon of the superior 
oblique, os ; 07, the line of insertion of the in- 
ferior oblique. jf, isthe frontal, s, s, the sagit- 
tal axis of the eyeball. 


muscles of the eye, namely, the 
sphincter pupille and the cili- 
ary muscle, are innervated by 
it. The abducens nerve is re- 
served for the external rectus, 
the trochlear nerve for the su- 
perior oblique. The nuclei for 
the three nerves supplying the 
eye-muscles lie upon the floor 
of the fourth ventricle. 


The movements of the eyeball take place freely in all directions as 


in a ball-and-socket joint (arthrodia). 
represent the articular head; 'Tenon’s capsule, the socket. 


The eyeball may be said to 
The move- 


ments take place in such a way that the eyeball, as a whole, undergoes 
no change of place; it simply rotates about a center of movement which 
corresponds approximately to the center of the eye. 

We can imagine all movements of the eyeball resolved into compo- 
nents which correspond to three primary axes. These are perpendicular 


to each other and cross at the center of movement. 


One of these is 


vertical; the movements which take place about it are the lateral move- 


ments of the eye 


that is, the movement to right and left, or to the out- 
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side (abduction) and inside (adductidn). The frontal axis runs from 
right to left (f, f, Fig. 94), and corresponds to the movements of eleva- 
tion and depression of the eyeball. The sagittal axis (s,s, Fig. 94) runs 
from before backward, and coincides with the line of vision. The 
movements which take place about it are known under the name of 
rotation of the eyeball; by virtue of them the upper extremity of the 
vertical meridian of the eyeball is inclined outward or inward. 

The muscles may be grouped into pairs according as they rotate the 
eye predominantly about one or the other of these axes. ‘The muscles 
belonging to any one pair are called antagonists, because they tend 
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The tendons of the four recti muscles are cut off near their insertion upon the eyeball, but the 
inferior oblique, o¢, and the tendon, os, of the superior oblique are left entire. The latter 
comes out from the loop of the trochlea, 7. To the temporal side of the trochlea lies the 
supra-orbital notch, 7, and somewhat to the outside of this there is a foramen, 7,, which is 
not regularly present, for a branch of the supra-orbital nerve. In this case the infra-orbital 
foramen, fi, is also abnormally divided into two distinct foramina. z is the orifice of the 
zygomatico-facial canal, /l the lachrymal fossa, 


to move the eye about the same axis, but in a contrary direction. In 
this sense the six ocular muscles are divided into the following pairs: 

First pair: internal and external recti, which turn the eye about the 
vertical axis. 

Second pair: superior and inferior recti, which turn the eyeball 
about the frontal axis. 

Third pair: the superior and inferior obliques, which turn the eye- 
ball about the sagittal axis. 

A simple action in the sense of rotating the eyeball about only one 
of the three primary axes belongs to the first pair alone, the only effect 
of which is to turn the eye inward and outward. The action of the 
other four ocular muscles is a complicated one, and if we seek to deter- 
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mine the axes about which they actually rotate the eyeball, we find that 
these do not coincide with any one of the three primary axes. 

The superior rectus runs from the apex of the orbit not only for- 
ward, but also a little outward, in order to reach the eyeball. Its 
direction, therefore, does not coincide exactly with the sagittal axis of 
the eyeball, but forms with it an angle, the branches of which diverge 
posteriorly (Figs. 94 and 103 A). Hence, as its insertion falls some- 
what in front of the center of rotation of the eye, it will not only ele- 
vate the latter, but also adduct it at the same time. For the same rea- 
son it also rotates the eye in such a way that the upper extremity of its 
vertical meridian is inclined inward. 

The inferior rectus likewise deviates somewhat to the outside in its 
course forward. Hence, besides lowering the eye, it has an adducting 
action imparted to it. Furthermore, it rotates the eye in such a way 
that the upper extremity of the vertical meridian is depressed to the 
outside. 

To learn the action of the saperior oblique we have merely to con- 
sider that section of it which lies between the trochlea and the eyeball ; 
the trochlea being, so to speak, the physiological origin of the muscle. 
Its chief action consists in its rotating the eye, so that the upper 
extremity of the vertical meridian is inclined inward. Since, further- 
more, it is inserted into the posterior half of the eyeball and this 
insertion hes below the trochlea (0s, Fig. 95), the posterior half of 
the eyeball will be raised when it contracts, and consequently the 
cornea will be depressed. The superior oblique, in addition, produces 
an abduction of the eyeball, since it is inserted behind the center of 
rotation of the eye, and in its contraction draws the posterior half 
of the eyeball inward, so that the cornea goes outward. ‘The action 
of the superior oblique is accordingly to rotate, depress, and abduct 
the eyeball. 

The inferior oblique accomplishes, first of all, a rotation of the eye 
in the opposite direction to that effected by the superior oblique—i. e., 
a rotation in which the upper extremity of the vertical meridian is in- 
clined outward. Since its origin in the margin of the orbit les below 
its insertion upon the postertor half of the eyeball (07, Fig. 95), it 
draws this half downward and thus elevates the cornea. Furthermore, 
since it draws the posterior half of the eyeball inward, it abducts the 
eye. The action of the inferior oblique is accordingly to rotate, ele- 
vate, and abduct the eyeball. 

The internal and external recti are the only muscles which are per- 
fect antagonists in every respect. The superior and inferior recti are 
antagonists with respect to the elevation and depression, and also with 
respect to the rotation of the eyeball; but, as adducting muscles, they 
both act in the same sense. The superior and inferior obliques are 
likewise antagonists with regard to vertical deviation and rotation, but 
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they have one action, that of abduction, which takes place in the same 
direction. 

Let us make a brief summary, showing which of the muscles act in 
concert in the movements of the eye about the three primary axes. 
Adduction is performed by the internal, superior, and inferior recti; 
abduction by the external rectus and the superior and inferior obliques. 
The superior rectus and inferior oblique are concerned in elevating the 
eye, the inferior rectus and superior oblique in depressing it. Rotation 
of the eyeball, in such a way that the upper extremity of the vertical 
meridian is inclined inward, is effected by the superior oblique and 
superior rectus, while rotation in the opposite sense is effected by the 
inferior oblique and inferior rectus. 

Hence, in every movement of the eyeball there are always several 
muscles set into action at once. But, besides, this the muscles of one 
eye act in conjunction with those of the other in such a way that the 
two eyes always move in the same sense (association of the ocular 
movements). These associated movements are regulated by the centers 
of association, which are centers of a higher order than the nerve nuclei. 
According to the necessities of the case, they innervate certain muscles 
or groups of muscles of one eye simultaneously with those of the other. 
The internal rectus of the right eye, for example, may be set into action 
at the same time with the internal rectus of the left eye, so that a 
movement of convergence takes place; but, on the other hand, it may 
also act in concert with the external rectus of the left eye, so that both 
eyes are turned to the left. 

123. Orientation.—Orientation in space—i. e., the ascription of ob- 
jects seen to the place where they actually belong—is effected in the 
following way: he objects of the external world form images upon 
the retina. To find the 
situation of the retinal 
image of any object 
whatever, we only need 
draw a line from the 
object to the retina 
through the nodal 
point of the eye (4, 
Fig. 96). Thus the 
image of the object of 
fixation, o (Fig. 96), lies 
at fe (the fovea cen- 
tralis). Objects, such 
as 0,, Situated beneath the point of fixation, throw their image above the 
fovea centralis, at 6,; and, on the other hand, the object 0,, lying above 
the point of fixation has its image at 4,, beneath the fovea. We our- 
selves judge of the place in which an object is by following out a re- 
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verse process. We refer the object to the extremity of a line which we 
imagine drawn from the retinal image and through the nodal point to 
the outside. This process for determining the place of external ob- 
jects, which is learned by experience, is called projection (of the retinal 
images to the outside). By virtue of it we see the objects in the outer 
world arranged side by side just as their images are upon our retina, 
only in reverse order ; whatever forms an image to the right of the point 
of fixation, is seen upon the left of the latter, etc. We are thus in- 
formed with certainty in regard to the relative position of objects to 
each other (objective orientation). But for perfect orientation it is 
further requisite that we should assign to its correct situation in space 
the whole mosaic of images which we project from our retina to the 
outside, and which is already properly constructed as far as the rela- 
tions of its own parts to each other is concerned. Not till we do this 
can we have any conception, corresponding to the real state of things; 
a conception, that is, of the position of objects not only with reference 
to each other but also with reference to our own body (subjective orien- 
tation). Such subjective orientation depends upon our having a knowl- 
edge of the position of our own body in space, and of the position which 
the eyes occupy in our body. The former is accomplished by virtue of 
the sense of equilibrium, the latter by the muscular sensations which 
originate in the ocular muscles, and which inform us how our eyes are 
directed with relation to our body. By means of subjective and object- 
ive orientation together, we 
are able to recognize correct- 
ly the absolute position in 
space of any object that we 
see. 

Asarule, we see with both 
eyes at once, these being so 
placed by means of their 
associated movements that 
their visual lines cross in the 
object looked at—i. e., we 
“fix” the object with both. 
The object 0 (Fig. 97) then Fie. 97.—BinocuLaR SINGLE VISION. 
forms an image in the fovea 
centralis (f and f,) in both eyes. An object, 0,, situated to the left of 
the point of fixation, would cast an image at 6 and },, to the right of 
the fovea in both eyes, and in both eyes, moreover, equally far to the 
right of it. These images, as well as all others which are situated on 
symmetrically disposed spots of the two retinw, are, according to the 
law of projection, located by both eyes at the same point of the outer 
world (0, 0,, etc.), and hence are seen single (binocular single vision). 

Interference with binocular single vision is manifested by binocular 

34 
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diplopia, which always makes its appearance when the visual axis of 
one eye deviates from the object of fixation. For example, the right 
eye, R (Fig. 98), fixes the point, 0, while the visual axis, g, of the left 
eye, L, deviates inward because the eye has a convergent squint. The 
point, 0, then forms an image at the fovea, f, in the right eye, but in the 
left it forms an image at 0, to the right of the fovea, 7,. With the right 
eye the object is seen in its right place,o. With the left eye, too, the 
object would be seen at a point opposite the retinal image, 0, that is, in 
its proper situation, 0, and hence would be seen single with binocular 
vision, if the person possessing such an eye would proceed simply ac- 
cording to the law of projection. But this he does not do, because he 
is in error with regard to the way in which the left eye is directed. He 
knows nothing of the deviation of this eye inward, but has the idea 
that, like the right, it has 
its visual axis adjusted for 
the object. He therefore 
expects the image of the 
object to be at the fovea 
in the left eye as well as 
in the right. But as this 
is not the case, and the 
image, 0, lies to the right 
of the fovea, he thence 
concludes that the object, 
0, has become displaced 
toward the left—that is, to 
0,—since he knows from 
former experience that all objects situated to the left of the point of 
fixation throw their images to the right of the fovea. In this case, 
accordingly, the subjective orientation is not correct; the entire mosaic 
of retinal images in the left eye is located in space too far to the left, 
because. the person who has such an eye has an erroneous impression in 
regard to the way in which it is placed in his head (Nagel, Alfred 
Graefe). 

The double images that have been here selected as an example are 
known as homonymous, because the image, 0, seen upon the right side 
belongs to the right eye; the one, 0,, seen on the left belongs to the 
left eye. In practice this fact is determined by temporarily covering, 
first one eye and then the other, and asking the patient which of the 
two images in each case disappears. We can also place a colored glass 
before one eye and have the patient tell which of the two images is 
colored, and which appears of its natural hue. Homonymous double 
images depend, as the preceding demonstration shows, upon excessive 
convergence of the eyes. 

Heteronymous or crossed double images are produced when there is 


Fic. 98.—Homonymous Dousue IMAGEs, 
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a relative divergence of the eyes. In Fig. 99 the left eye, J, deviates 
outward. The image of the point, 0, therefore, falls to the left of the 
fovea, f,, at 6, for which reason the object itself is erroneously seen ato, 
to the right of the point ; 
of fixation, 0. In this case 
the left image corresponds 
to the right eye, the right 
image to the left eye. 

A difference in the level 
of the double images oc- 
curs when the eyes them- 
selves stand on different 
levels. In Fig. 100 the 
eyes are represented as be- 
hind each other instead of 
side by side. The right, 
R, fixes correctly, but the Fic. 99.—Orossep Dousie ImMaGEs. 
left eye, Z, is deviated up- 
ward. Hence, the image, 4, of the point, 0, falls above the fovea, 7, in 
the left eye, and the person who has such an eye, because he believes 
that it is correctly placed, imagines that he sees the point, 0, at 0,, 
below its true situation, since when the eyes are correctly placed all 
objects situated below the visual plane cast their images upon the 


Fic. 100.—Dousie ImaGEs, WITH DIFFERENCE IN LEVEL. 


upper half of the retina. The image which stands lower, therefore, 
always belongs to the eye which stands higher, and vice versa. 
Double images can also be inclined in such a way that their upper 
or lower extremities are approximated. This is the case when one of 
the two eyes has undergone a rotation about its sagittal axis and the 
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other has not. In Fig. 101 A, R and Z represent the posterior halves 
of the two eyes seen from behind and imagined to be transparent, so 
that the inverted image of an arrow is seen as it is situated upon the 
retina. In the right eye the vertical meridian of the retina, v v, really 
does stand vertical, but in the left. eye (v, v,) it is supposed to be in- 
clined. The image of a vertically directed arrow is also vertical in the 
two retine; hence, in the right eye it coincides with the vertical me- 
ridian, but in the left eye it forms an angle with the vertical meridian, 


Fie. 101.—DousLEe IMAGES WITH OBLIQUITY. 


because this is inclined. Since, now, the left eye has been previously 
accustomed to consider as vertical only those objects the images of 
which coincide with the vertical meridian, it will consider the arrow as 
having an oblique position. Hence, two images of the arrow are seen 
(Fig. 101 B, w and s), of which that belonging to the left eye stands 
obliquely. 

When there is binocular double vision, the two images do not look 
alike; one is more distinct than the other, and is hence known as the 
true image, in contradistinction to the apparent image. The true image 
is the one that corresponds to the eye which fixes the object. It is 
therefore, seen in its right place, and, moreover, is seen clearly, because 
it is perceived by the fovea. ‘The apparent image belongs to the deviat- 
ing eye. It is less distinct than the image of the other, eye because it 
is perceived by a peripheral spot of the retina; moreover, it is seen in 
the wrong place, so that the patient, if he tries to reach out to it, 
reaches to one side of it—hence apparent or false image. 

A condition to be strongly differentiated from binocular diplopia is 
monocular diplopia. ‘The former depends upon the fact that though 
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there is but one image of the object cast upon each one of the two ret- 
ine, it is not thrown upon symmetrically situated spots; but the lat- 
ter is due to the formation of two images of the same object upon one 
retina, Binocular diplopia, therefore, disappears at once when one eye 
is shut, while monocular diplopia persists, although but one ce 
is, the one which sees double—is open. In this fact lies the most cer- 
tain differential sign between the two kinds of diplopia. The cause of 
monocular diplopia is either an anomalous refraction of the rays of light 
or the presence of a double pupillary opening. The former represents 
one form of irregular astigmatism (see §149), and has its seat either in 
the cornea or in the lens (particularly in the case of subluxation of the 
lens). In incipient cataract also monocular diplopia may develop as a 
result of the unequal refracting power of the different sectors of the 
lens, although in this case monocular polyopia (see page 365) is of 
much more frequent occurrence. A double pupillary opening pro- 
duces diplopia when the eye is not adjusted for the distance at which 
the object of fixation is placed. Itis most frequently found as a con- 
sequence of iridodialysis. 


The lines of insertion of the four recti muscles are situated at unequal dis- 
tances from the margin of the cornea, and usually, too, are not quite concentric 
with it. Moreover, they are not perfectly symmetrical in their relation to the 
horizontal and vertical 
meridians. The mean 
variations in regard to 
the position of the lines 
of insertion are shown 
as accurately as possible 
in Fig. 102, which rep- 
resents the anterior half 
of the eyeball projected 
upon a plane. In it are 
marked the distances of 
the lines of insertion 
from the cornea in milli- 
metres, as 1 have found 
them from the mean of 
a great number of meas- 
urements. 

The muscles are sur- Fic. 102.—Lrxes or INSERTION OF THE Four RectT1 MuscLEs 
rounded by fascie which PROJECTED UPON A PLANE. NATURAL SIZE. 
are continuous anterior- 
ly with Tenon’s capsule at the spot where the latter is reflected upon the tendons 
of the muscles. Lateral prolongations of the fascise unite the muscles together, 
and also pass from them to the bony wall of the orbit. By means of this system 
of fascie pervading the orbit, the contents of the latter are fixed in place. It 
is owing to them that the eye does not leave its place when performing its 
movements, but turns about a fixed center. The continuations of the fascia, 
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passing from the muscles to the walls of the orbit, act as a sort of restraining 
apparatus which prevent extreme excursions of the eyeball (Merkel, Motais). 
They are most strongly developed upon the internal and external recti (ji and 
fe, Fig. 93). The levator palpebre superioris, too, which is associated in 
action with the superior rectus, is united to it directly by bands of fascia. 
Furthermore, bands of fascia pass from the levator to the skin of the upper lid 
(J, Fig. 92) and also to the upper fold of transition, so that these structures 
follow the movements of the others when the eyeball and the upper lid are ele- 
vated. An analogous apparatus comes into play when the eyeball is depressed, 
bands of fascia running from the inferior rectus into the lower lid and to the 
lower fold of transition. 

In the case of muscles whose method of action is complicated (and, with the 
exception of the first pair, this is the case with all the muscles), the effect of 
the individual components of which the total action is made up varies in in- 


Fic. 103.—METHOD OF ACTION OF THE SUPERIOR RECTUS. 


A, in looking straight forward ; B,in abduction ; C, in adduction; SS,, sagittal axis of move- 
ment; G G,, visual axis. 


tensity according to the position which the eyeball happens to occupy. As an 
illustration, we may explain how this is in the case of the superior rectus. This 
muscle, when the eye is looking straight forward, forms with the sagittal axis, 
S S,, of the eye an angle of 23° (Fig. 108 A). Consequently, the muscle, besides 
causing an elevation of the eye, also adducts and rotates it. If now the eye is 
turned out 23° (Fig. 108 B), the plane of the muscle coincides with the visual 
plane, G G,. Then the action of the muscle will be simply one of elevation, 
since the other two components disappear. On the other hand, the more the 
eye is turned inward, the more do the two components of adduction and rota- 
tion preponderate. They would reach their maximum if the eyeball could be 
turned far enough inward for its visual axis, @ G,, to form a right angle with 
the plane of the muscle (Fig. 108 (’); and, on the other hand, the action of ele- 
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vation would then have become reduced to nothing. In like fashion, the action 
of the individual components can be deduced from the position of the eye 
for every other ocular muscle as soon as the course which it takes is accurately 
known. ‘This fact is of importance for the diagnosis of paralyses of the ocular 
muscles, the failure of the paralyzed muscle being particularly marked in the 
direction of one or the other of the com- 
ponents of its action, according to the differ- 
ent way in which the eye is directed. 

The measurement of the excursions of the 
eyeball is an important matter not only for 
physiologists, but also for the ophthalmic 
practitioner, particularly for the determina- 
tion of the degree of a paralysis, the progress 
of its improvement, the prognosis of a squint 
operation, etc. The simple process of linear Fe aah MEASUREMENT OF 
mensuration, according to the method of Eye. (AFTER ALFRED GRAEFE.) 
Alfred Graefe, is applicable only to move- 
ments in a horizontal direction (abduction and adduction). The patient is first 
made to look straight forward at an object which has been placed at quite a 
distance from the eye in the middle line of the face. With the eyes in this 
middle position, the distance between the outer margin of the cornea and the 
outer angle of the eye (cm, Fig. 104) is measured with the circle. This dis- 
ance is also measured when the eyes are turned as far inward and as far out- 


Fic. 105.—NorMAL FIELD oF FIxaTIon. (AFTER LANDOLT.) 


ward as possible (ci and ca). The difference between these values and the value 
for the middle position gives the magnitude of abduction and adduction of the 
eyeball. Suppose we have found em to be 8 mm., ci 18 mm., and ca 1 mm. 
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Then the adduction = ci—em = 10 mm., and the abduction = em—ca = 7 mm. 
The adduction and abduction together constitute the total range of lateral 
movement which, in the example selected, would amount to 17 mm. 

This method of mensuration is attended with many inaccuracies, but, owing 
to its simplicity and the rapidity with which it can be performed, it is a very 
suitable one, particularly for cases of squint. An accurate measurement of the 
excursions can be made by means of the perimeter. The person examined sup- 
ports his head on the chin-rest of the instrument in such a way that the eye to 
be tested (the other meanwhile must be kept closed) is placed at the center 
of the perimetric arc. Objects are then moved along the latter (large test-types 
being the best for this purpose) from the periphery toward the center, until the 
patient in looking at the object recognizes it distinctly (e. g., can name the 
letters, thus proving that he is really employing central fixation). Of course, 
in so doing, the movements should be made with the eye alone and not with 
the head. The limits thus found for the excursions of the eyes are set down 
upon an ordinary perimetric diagram. The region which is bounded by these 
limits, and which the eye has under its direct control through its excursions, is 
called the field of fixation. Fig. 105 shows the field of fixation of a normal eye 
according to Landolt. Paralyses of the ocular muscles manifest themselves by 
a corresponding limitation of the field of fixation. 


NERVES OF THE OcuLAR MuscLEs.—Paralyses of the ocular muscles are a 
frequent symptom of cerebral affections. He who knows accurately the origin 
of the muscular nerves of the eye in the brain, and their course down to the 
orbit, will often be able to determine, from the kind of the paralyses and the 
way in which they are combined, the site of the lesion, and hence be able to 
give a more precise diagnosis of the brain-disease with respect to its nature 
and situation than would be otherwise possible. For this reason the most im- 
portant points relating to the origin and course of the nerves of the ocular mus- 
cles will here be briefly given. 

The movements of the ocular muscles are regulated by nervous centers of 
different rank. The lowest centers are the nuclei on the floor of the rhom- 
boidal fossa [fourth ventricle] from which the trunks of the nerves themselves 
arise. Presiding over these are centers of higher rank, the association centers, 
for co-ordinating the actions of the individual ocular muscles. The centers of 
the highest rank are situated in the cortex of the brain; they are the cortical 
centers for the voluntary movements of the eye. These probably lie, not 
sharply separated from each other, in the motor sphere of the cerebral cortex. 

The centers which are most accurately known are those of the first rank— 
i. e., the nuclei of origin of the nerves of the ocular muscles. These lie beneath 
the aqueduct of Sylvius and upon the floor of the fourth ventricle on both sides 
of the rhaphe. The most anterior of them is the nucleus of the oculomotor 
nerve (IIT, Fig. 106), which begins as far forward as the most posterior portion 
of the third ventricle, and extends beneath the aqueduct of Sylvius as far as the 
posterior pair of tubercles of the corpus quadrigeminum. It may be supposed 
to consist of a number of partial nuclei—i. e., of separate segments, each one 
of which corresponds to one of the muscles innervated by the oculomotor nerve. 
In what order the individual partial nuclei follow each other is not yet abso- 
lutely known. It appears, however, to be established that the most anterior 
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partial nuclei are set apart for the accommodation and for the pupil, and that 
next to them come those for the internal recti (convergence); succeeding these 
are the partial nuclei for the rest of the muscles supplied by the oculomotor 
nerve (Hensen and Vélckers, Kahler, and Pick). Accordingly, the nuclei for 
those bundles of nerve-fibersywhich are always set into action simultaneously, 
especially the nerves for the contraction of the pupil (sphincter pupille), for 
accommodation, and for convergence, adjoin each other; these particular par- 
tial nuclei, in fact, occupying the most anterior part of the whole oculomotor 
nucleus. 

The fibers coming from the nucleus of the oculomotor nerve pass through 
the crus cerebri downward to the base of the brain, where, uniting into a com- 


Fig. 106.—NucLEI oF ORIGIN OF THE NERVES OF THE OcuULAR MuscLes. SegematTic SAGITTAL 
SECTION THROUGH THE CAUDEX CEREBRI. NATURAL SIZE. 


The oculomotor nucleus, J//, lies beneath the anterior pair of tubercles of the corpus quadri- 
geminum, Y. The fibers coming from this nucleus run, converging downward, and emerge 
as a united nerve-trunk, O, at the anterior border of the pons, Po. Directly behind the 
oculomotor nucleus lies the nucleus, JV, of the trochlear nerve, from which the trunk of 
the nerve passes upward. The two points (drawn of light color in the figure) directly above 
it, and at the posterior margin of the corpus quadrigeminum, represent the cross-sections 
of the trunks of the trochlear nerves as they decussate in the velum medullare anticum. 
The nucleus of the abducens, VJ, lies upon the floor of the fourth ventricle, 4, directly be- 
neath the nucleus of the facial nerve, VIJ. The dotted band running from the nucleus of 
the abducens to the nucleus of the trochlear nerve represents the posterior longitudinal] fas- 
ciculus connecting the nerve nuclei. The trunk of the abducens, 4, emerges at the pos- 
terior border of the pons. a, shows the site of a lesion which, through destruction of the 
oculomotor nerve, O, and the pyramidal tract, P, P, would result in crossed paralysis of this 
nerve and of the extremities. In like fashion a lesion at b would produce crossed paralysis 
es me abducens and of the extremities. P,, P,, pyramidal tract of the other side ; Th, optic 
thalamus. 


mon trunk, they become visible upon the anterior border of the pons (0, Fig. 
106). From this point the nerve-trunk runs through the cavernous sinus, and 
the superior orbital fissure into the orbit. 

The nucleus of the trochlear nerve (IV, Fig. 106) follows almost directly 
upon the posterior extremity of the oculomotor nucleus, so that it might al- 
most be regarded as the last partial nucleus of the latter. It lies beneath the an- 
terior tubercles of the corpus quadrigeminum. But the fibers which arise from 
it do not join with the trunk of the oculomotor nerve, which runs downward, 
but pass in the opposite directions upward and toward the spinal column, into 
the velum medullare anticum. In this they pass over to the other side and 
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thus decussate with the fibers of the opposite nerve, and then come out upon 
the base of the brain, winding about the outer side of the crus cerebri. 

The nucleus of the abducens (VI, Fig. 106) lies pretty far behind the nuclei 
of the other two nerves, and in the immediate vicinity of the facial nucleus 
(VII, Fig. 106), a little in front of the stria medullares. The nerve-fibers aris- 
ing from the nucleus pass downward between the bundles of the pyramidal 
tracts and become visible at the posterior border of the pons (A, Fig. 106). 
Both the trochlear and the abducens nerves, as soon as they have reached the 
base of the brain, run forward like the oculomotor nerve and pass through the 
cavernous sinus and the superior orbital fissure into the orbit. 

Numerous fibrous connections exist between the nuclei of the nerves of the 
ocular muscles. These connections are made by means of the posterior longi- 
tudinal fasciculus—i. e., by those fibers which, on both sides of the rhaphe, 
run from before (above) backward (downward), and connect the nerve nuclei 
lying at different levels. Transverse connections also exist through the passage 
of fibers from the nuclei of one side to those of the side opposite. These connect 
not only the homonymous nuclei of the two sides (e. g., the two oculomotor 
nuclei), but also by the aid of the pos- 
terior longitudinal bundle connect nuclei 
which lie at different levels. Thus it is 
assumed that the fibers arising from the 
abducens nucleus (a, Fig. 107), while in 
part passing directly to the trunk of the 
abducens nerve of the same side (e), also 
in part cross the median line and become 
associated with the fibers arising from the 
nucleus of the oculomotor nerve of the 
other side (0) (Huguenin, Duval, Graux). 
Hence, the nerve-twig (71) which enters 
the internal rectus would bear fibers of 
twofold origin, those from the oculo- 
motor nucleus of the same side (0) and 
those from the abducens nucleus of the 
other side (a). This arrangement prob- 

ably serves the purpose of giving the 
Figs 10t= CONNECTION, SEX wuey 7aE NU-- . internal rectus a. double innervation ac- 
AspUCENS NeRvES. SCHEMATIC. cording as it is going to act in the way 
of convergence or of associated lateral 
movement. The connection subserving convergence would be effected by the 
fibers arising from the oculomotor nucleus, which are set into action at the 
same time with the homonymous fibers of the opposite side, and thus produce 
a synergic contraction of the two interni. The contraction for lateral move- 
ment would start from the abducens nucleus, which stimulates simultaneously 
the external rectus of the same side and the internal rectus of the opposite 
side. Lesion of one abducens nucleus would abolish the movement of the eyes 
toward the same side, but would not abolish convergence, which could only be 
abrogated by a destruction of the oculomotor nucleus. In this way many cases 
of conjugate paralysis of the ocular muscles would be accounted for, in which 
the internus is no longer able to move the eye laterally in conjunction with the 
other eye, but is still able to produce a strong movement of convergence. 


DISTURBANCES OF MOTILITY OF THE BYE. 539 


BINOCULAR Vision.—The fact of a person’s seeing single with two eyes 
may be accomplished in two ways. Either he fixes correctly with both eyes and 
refers to the same spot the impressions produced in both (binocular single 
vision) or one of the two eyes fails to see, either because it is blind or because it 
suppresses the impression that it receives (monocular vision). How can we 
know which of these two conditions is present in any given case? We make 
the patient fix his gaze upon an object—e. g., a lighted candle at the distance 
of some metres. If, then, we see that one of the two eyes is evidently deviated, 
binocular single vision can not exist. If, nevertheless, there is single vision, 
this can only be explained upon the assumption that the image formed in the 
deviating eye is either not perceived or is suppressed. If manifest deviation of 
one eye can not be made out, we test in the following way to see if there is 
correct binocular fixation: While the person under examination fixes his gaze 
upon the lighted candle, we cover first one eye, then the other. If the two eyes 
are rightly placed, each will remain fixed in its position after the other is cov- 
ered, But let us assume that the right eye deviates a little outward when the 
left is fixed upon the object. If, now, the former is covered, the left will con- 
tinue in the act of fixation; but if the left is covered, the right has to be brought 
into the position of fixation by a movement of adduction. Hence, in covering 
the eye which is performing fixation, we notice a movement of adjustment in 
the non-fixing eye, the direction of which movement is precisely opposite to 
that of the previous deflection. This movement of adjustment is still distinctly 
visible when the deflection itself is too slight to be recognized with certainty. 
Another method of testing whether single vision depends upon the fusion of 
the two images or upon the suppression of one of them is as follows: A prism 
with its base down is held before one of the eyes (Fig. 112). If there was bi- 
nocular vision before, two images would now necessarily be seen standing one 
above the other (0 ando,). But if there is still single vision, this can only occur 
because the image formed in one of the eyes is either not perceived or is neg- 
lected. 

It is only a person who has binocular single vision that has also solid or 
stereoscopic vision. Hence, we may also test binocular vision with stereoscopic 
pictures, special samples of which have been made for this purpose. A par- 
ticularly delicate test of stereoscopic vision—i. e., of the perception of degrees 
of depth—is by means of Hering’s experiment with falling bodics. The person 
under examination looks with both eyes through a long tube at a slender thread 
stretched in a vertical direction. Little balls (glass beads or peas) are dropped 
along the thread, sometimes in front of it, sometimes behind. A man having 
proper binocular vision will tell every time, without delay and without mistake, 
whether the balls have fallen in front or behind the thread; but one having 
only monocular vision can at best guess at what takes place, and hence often 
makes a mistake. 3 

Binocular single vision is converted into binocular double vision when one 
of the two eyes leaves the correct position of fixation, This takes place most 
frequently in consequence of disturbances in the muscular apparatus of the eyes, 
such as paralyses or contractures of the ocular muscles. But the eye can also 
be forced mechanically into an incorrect position—e. g., by tumors 1n the orbit, 
etc. Binocular double vision can readily be produced experimentally by push- 
ing one eye a little to one side by pressure with the finger. Finally, double 
vision ensues whenever the excursions of one eye are limited, as compared with 
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those of the other by mechanical obstacles, as for example by symblepharon or 
by pterygium. 

The position of the double images has been already considered above. The 
distance between the double images measured in degrees of arc corresponds 
precisely to the deflection of the deviating eye from the correct position, and 
can therefore serve as a measure for the degree of deviation. The linear dis- 
tance between the double images, on the contrary, depends not only upon the 
degree of deviation, but also upon the distance to which the double images are 
projected. The greater this distance is, the farther apart the double images ap- 
pear to be. When the double images stand very close to each other they over- 
lap in part, so that only their outlines appear double. In this case the patient 
is often not aware that he sees double, but only complains of seeing indistinctly 
or complains that every object has a shadow. 

Double images interfere with vision and cause confusion, so that every one 
tries to avoid them as far as he can. He does this by attempting to bring the 
eyes by suitable muscular 
effort into a proper posi- 
tion, so that the double 
images coalesce. This at- 
tempt at union or fusion 
of the double images is 
called the tendency to fu- 
sion. Frequently by vir- 
tue of it considerable ob- 
stacles opposing single vis- 
ion are overcome. The fol- 
lowing experiment shows 
this: We make the patient 
fix an object, 0, and then 
Fic. 108,—THE OVERCOMING OF A PRISM BY CONVERGENCE. hold before one of the 

eyes, for instance, the right 
one, a prism, P, whose base is directed toward the temporal side (Fig. 108). 
The rays coming from o are deflected toward the base of the prism, and would 
strike the retina of the eye at a point to the outer side of the fovea; but 
in that case, as the object forms an image at the fovea, 1, in the left eye, 
crossed double images would be produced. To prevent this, the right eye is 
turned inward until the fovea, 7, has moved outward sufficiently far to be im- 
pinged upon by the rays which have been deflected by the prism. Hence, to 
avoid seeing double, an increased effort of convergence is made, so that the 
visual lines cross at / instead of at 0. By this convergence the prism is ‘‘ over- 
come.” By placing constantly stronger and stronger prisms before the eye, we 
find the strongest prism which can be still overcome by convergence; the maxi- 
mum of convergence thus determined is known as the adduction. If the prism 
is placed before the eye with the base inward, the rays passing through it are 
deviated in, and the image of the object is thrown to the inner side of the fovea. 
The eye must then be turned outward in order to bring the fovea to the place 
of the image. In this case, accordingly, to produce single vision the prism is 
overcome by a diminution of the convergence, or, in other words, by a diverg- 
ence of the eyes. The strongest prism which can be overcome in this way gives 
the measure of the abduction. 'The tendency to fusion also makes itself apparent 
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if a prism is placed before the eyes with its base up or down (Fig. 112). In this 
case there are formed double images with a difference of level, which have to 
be united by a deviation of one eye upward or downward. Quite strong prisms 
can be overcome by adduction, weaker ones by abduction; and only very feeble 
prisms (of 1° or 2°) can be overcome by vertical deviation of the eyes. 
Monocular diplopia with double pupillary aperture (iridodialysis, perforation 
of the iris, division of the pupil into two parts by an opaque strand, etc.) takes 


Fic. 109.—ScHEINER’S EXPERIMENT. (The eye is adjusted for the point o.) 


place only when the eye is not properly focused; otherwise, there is single vision, 
even with a double pupil. This fact is accounted for by the well-known experi- 
ment of Scheiner. Two holes are made in a piece of card-board with a needle, 
the distance between them being somewhat less than the diameter of the pupil, 
so that, when looked through, both lie at the same time in front of the pupil. 


Fic. 110.—Scuetner’s Experiment. (The eye is not adjusted for the point o.) 


Through this apparatus we look at an object—e. g., at a tightly stretched 
thread, 0, at a distance of twenty-five centimetres. If the eye is focused for 
this distance, all the rays emanating from the object, 0, are united upon the 
retina at the point, a. (Fig. 109). If, now, out of the whole cone of rays only 
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those are transmitted which pass through the two holes, these rays still unite to 
form an image at 01; the only change which this image undergoes by having 
the diaphragm placed before it is an enfeeblement of its luminosity due to the 
cutting off of many rays. But if the eye is not focused for the distance of the 
object (Fig. 110), the apex of the cone of rays does not fall upon the retina, 
but (in this case) behind it at 0,. The cone of rays is cut off in front of its apex 
by the retina, so that the image of the point, 0, is a disk (diffusion-circle), a, 
and the point looks completely blurred. But if now only two bundles of rays 
out of the entire cone are admitted to the eye through the diaphragm, each one 
casts its own smaller diffusion-circle (6 and 01); the point, 0, is now seen more 
distinctly, it is true, but is seen double. 

In myopia, especially of high degree, the complaint is sometimes made of 
monocular diplopia. This makes itself particularly apparent when rectilinear 
outlines, such as telegraph wires, the outlines of picture-frames, etc., become 
objects of fixation, they then appearing double. Here we are probably dealing 
with the effect of an irregular astigmatism. 


I. INSUFFICIENCY OF THE OcULAR MUSCLES. 


124. In the normal state the eyes are in perfect muscular equilib- 
rium in every natural—i. e., not forced—position. What the expression 
muscular equilibrium signifies is rendered clear by the following experi- 
ment: We cause the patient to fix an object at a distance of thirty 
centimetres with both eyes. Then we push a sheet of paper before one 
eye and watch behind the paper the eye thus covered. We shall find 
that the eye remains correctly adjusted for the object, although it no 
longer sees it. It remains steadily in the position of fixation because 
this is the position of equilibrium for the eye. This position is the 
resultant of the varying amounts of innervation which are supplied to 
the individual muscles and which are distributed among them in proper 
proportions. 

Disturbances of muscular equilibrium are recognized by the same 
experiment. For, suppose that both eyes are properly adjusted for the 
object held before them. A screen is now held before one eye. This 
deviates behind the screen in some way—say outward. When then the 
screen is withdrawn, the visual axis of this eye is no longer directed at 
the object, but the eye has an outward squint. It hence has to be 
brought back to the position of fixation by a movement inward (move- 
ment of adduction). Hence, on withdrawing the screen we observe a 
movement of the eye in a direction precisely opposite to that of its 
deviation behind the screen (movement of readjustment or redress). 
This latter movement is generally easier to make out than the devia- 
tion of the eye behind the screen, and hence is currently employed as a 
means of recognizing the latter. If, on the withdrawal of the screen, 
the eye makes a movement of redress inward, it has been deviating out 
behind the screen, and vice versa. The phenomena that present them- 
selves in this experiment are accounted for as follows: In the example 
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selected, in which the eye deviates out behind the screen, the two eyes 
during the act of fixation were not in muscular equilibrium, but the 
external ocular muscles preponderated over the internal muscles. Yet 
so long as vision was performed with both eyes, there was correct ae 
tion, because otherwise there would have been double vision. Now 
there is a great antipathy toward double images and a correspondingly 
strong effort to secure single vision (tendency to fusion; see page 
540). Hence, an amount of innervation in excess of the normal is 
conveyed to the interni, in order to oppose the preponderance of the 
external ocular muscles. But as soon as one eye is covered, diplopia 
can no longer take place; there is now no object in maintaining an ex- 
cessive exertion on the part of the interni, and the eye in obedience to 
the preponderating force of the externi rolls outward. The position of 
equilibrium for this eye is therefore a pathological one—namely, a posi- 
tion of divergence to a certain amount. As soon as the screen is with- 
drawn again, double images make their appearance, which, however, 
are speedily united by the return of the deviating eye to its normal 
position once more. 

The disturbance of equilibrium of the ocular muscles that has just 
been described is known as insufficiency. When the externi predomi- 
nate, we speak of insufficiency of the interni;* in the opposite case, of 
insufficiency of the externi. + 

Strabismus and paralysis of the ocular muscles are also disturbances 
of equilibrium. Insufficiency is distinguished from them by the fact 
that under ordinary circumstances it is not apparent, since it is com- 
pensated for by a correspondingly greater exertion of the feebler mus- 
cle. It is hence called latent or dynamic squint (Von Graefe). 

The causes of insufficiency, giving one pair of muscles the prepon- 
derance over the other, are partly organic, partly functional. 

(a) The organic causes depend upon anatomical conditions, such as 
the size of the muscle, the way in which it is inserted, etc. Matters 
that also come in for consideration are the size of the eyeball—since 
large eyes (in excessive myopia) are more difficult to move than small 
ones—the distance of the two eyes from each other, etc. 

(0) As functional causes of insufficiency may be adduced general 
muscular weakness, after exhausting diseases or due to affections of the 
nervous system. But much greater significance attaches to those causes 
which spring from a disturbance in the relations between accommoda- 
tion and convergence. These two functions in an emmetropic eye go 
hand in hand, so that with each definite degree of accommodation there 


* [Also called exophoria, from &€w, outward, and ¢opeiv, to tend (G. T. Stevens). 
—D,] 
+ [Also called esophoria, from tow, inward, and dépetv, to tend. Similarly, insuf- 
ficiency producing difference in level of the eyes—vertical insufficiency—is called 
hyperphoria, from érép, above (G. T. Stevens).—D.] 
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is associated the quantum of convergence that belongs to it, and vice 
versa (see § 141). When such eyes accommodate for an object situated 
at a distance of thirty centimetres, for example, they also converge for 
the same distance, and hence are still in a state of muscular equilib- 
rium. If an eye has an abnormal condition of the refraction, either 
myopia or hypermetropia, the quantum of accommodation required for 
any given distance changes accordingly. ‘The myope requires less, the 
hypermetrope more accommodation than the emmetropic person. The 
convergence may adapt itself to these altered conditions, so that the 
harmony between the accommodation and the convergence is preserved. 
But very often this isnot the case. A myope, for example, whose far 
point lies at thirty centimetres needs no accommodation at all to see an 
object at this distance distinctly. Hence, the necessary impulse for the 
requisite degree of convergence is wanting, because with the accommo- 
dation at rest the eyes tend to arrange themselves parallel to each other, 
and in this case an insufficiency of the interni will exist. 

The reverse is true of hypermetropes who have to employ an exces- 
sive degree of accommodation for the distance of thirty centimetres. 
Consequently, there is a tendency to converge too strongly—a fact which 
gives the preponderance to the interni and produces the symptoms of 
insufficiency of the externi. The disturbances of equilibrium arising 
from the conjoined action of accommodation and convergence are of 
great importance, because they lie at the bottom of most cases of ‘stra- 
bismus. 

The consequences of an insufficiency vary according to its degree. 

1. Slight degrees of insufficiency are overcome without difficulty by 
a correspondingly strong innervation of the weaker pair of muscles, and 
cause no trouble whatever. 

2. Mean and extreme degrees of insufficiency impede the converg- 
ence which is required for every kind of close work, like reading, writ- 
ing, and all the more delicate varieties of handicraft. Hence, the eyes 
get tired when the work is carried on too long; the object looked at 
grows indistinct and often looks double; and subsequently headache 
and even nausea set in. This condition is known as asthenopia muscu- 
laris (to distinguish it from accommodative and nervous asthenopia). 
It is a characteristic mark of it that the asthenopic difficulties disap- 
pear at once if the patient closes one eye and uses but one for fixation, 
since then no convergence is required. 

3. The insufficiency of the interni which is so frequent in myopic 
eyes favors the progress of the myopia, because it makes convergence 
difficult and laborious. 

4. High degrees of insufficiency often pass into strabismus, and, in 
fact, into divergent or convergent strabismus according as the external 
or internal recti predominate. The impulse for the transformation of 
insufficiency (or latent strabismus) into manifest strabismus is often 
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furnished by the fact that one of the eyes has its visual power reduced, 
so that binocular vision becomes of less utility or is actually abolished. 
Then the condition of affairs becomes the same as that which the ex- 
periment for testing insufficiency produces artificially, when one eye 
is covered and sees excluded from the act of vision. For this reason 
blind eyes are very frequently found to deviate out or in. 
Treatment.—Only those cases of insufficiency which cause trouble 
or threaten to pass into strabismus call for assistance. The condition 
which mainly requires consideration in this point of view is insuffi- 
ciency of the interni, which renders convergence difficult, and thus 
makes continuous work impossible. The defective convergence may be 
assisted by prisms. These are placed before both eyes in such a way 
that their base is directed inward (P and P,, Fig. 111). The rays com- 
ing from the fixed point, 0, are deflected by each prism toward its base. 


Fic. 111.—EMPLOYMENT OF PRISMS IN INSUFFICIENCY OF THE INTERNAL RECTI FOR THE PuR- 
POSE OF FACILITATING CONVERGENCE. 


The eyes, therefore, need only converge, as though they were fixing the 
more remotely situated point, 0,. Both on account of the weight of the 
stronger prisms and of the chromatic dispersion that they cause, only 
those of 4°, or at most of 6°, for each eye can be used. ‘They may be 
combined with spherical glasses. For higher degrees of insufficiency 
tenotomy is indicated. This is performed upon the muscles which have 
the preponderance—e. g., upon the externi in insufficiency of the in- 


terni. 


We can test the capacity of convergence by bringing an object—e. g., the 
extended finger, held in the middle line—closer and closer to the person under 
When the capacity for convergence is normal, the eyes can con- 


examination. 
If one of the eyes deviates out before this point 


verge to the tip of the nose. 
is sadchea this proves an insufficiency of the interni. But the converse con- 


clusion, that there is muscular equilibrium if no deviation occurs, can not be 
35 
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drawn. It is, in fact, quite possible that, when the tendency to fusion is great 
and a strong effort of the will is made, the extreme amount of convergence can 
be produced for a moment, while even moderate degrees of convergence can 
not be borne if they have to be steadily maintained. So, too, a weak man, by 
calling forth his whole energy, can make a single great exhibition of strength, 
while he is, nevertheless, unable to do hard work for an entire day. Hence, 
the surest method for discovering an insufficiency is still that which consists in 
alternately placing a screen before the eyes and withdrawing it again, when, if 
there is any insufficiency present, there is always a movement of redress upon 
the withdrawal of the screen. 

For the numerical determination of the degree of insufficiency Von Graefe 
has proposed his equilibrium test. This starts from the fact that a disturbance 
of equilibrium becomes manifest as soon as binocular single vision is rendered 
impossible. To accomplish this, we place before one eye a prism with its base 
down or up and of such strength that it can not be overcome by an effort of the 
eyes acting to place them on different levels (see page 541). For example, we 


Fig. 112.—Von GRaAEFer’s EQuILiBrium TEST. 


place the prism, P (Fig. 112 A), whose refracting angle amounts to 10°, with 
its base down before the left eye, and tell the person under examination to fix his 
gaze upon an object, o (e. g., a black dot upon white paper or when the object 
is to be at a greater distance, at a candle flame). The left eye now sees the 
object, 0, not at its proper place, but at 0,; and hence with both eyes together 
there are seen double images on different levels. If there is muscular equilib- 
rium, so that the eyes converge properly at 0, the two images stand vertically 
over one another (Z and &, Fig. 112 &). But if there is a disturbance of equi- 
librium, and consequently an excessive or a deficient convergence, a lateral sepa- 
ration of the images is superadded to the difference of level. In fact, the effort 
to compensate for the insufficiency by increased innervation of the feebler mus- 
cles now disappears, since the double images could not be seen as one in any 
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case on account of the difference of level. Now suppose, for instance, that 
the externi predominate. Then the left eye deviates out behind the prism. 
The point o consequently casts an image to the outer side (left) of the fovea, 
and is therefore seen too far to the right (crossed double images, Fig. 99). 
Hence, the upper point which belongs to the left eye no longer stands vertically 
above the lower, but to the right of it (Fig. 112 0). If now a second prism, 
the base of which looks inward, is placed before the prism which has its base 
down, the rays coming from the point are deflected by it inward toward the 
fovea,and the upper image moves to a point more nearly above the other. By 
trying stronger and stronger prisms we can at length find one which brings the 
two images exactly over each other in a vertical line. This corrects the lateral 
deviation of the eyes, and hence gives the numerical expression for the insuffi- 
ciency. We usually determine the insufficiency in this way for two distances— 
namely, for infinite distance (i. e., 6 metres), and for the ordinary reading distance. 


II. PARALYSIS OF THE OCULAR MUSCLES. 


125. Symptoms. 1. Limitation of Movement.—In paralysis of an 
ocular muscle the excursion of the eye toward the side corresponding 
to the action of the muscle that is paralyzed is diminished or entirely 
abrogated. If, for example, the external rectus of the right eye were 
completely paralyzed, the right eye could be brought only to the mid- 
dle line and not beyond it to the right. When the paralysis is of 
slighter degree, the deficiency in motility is, of course, less considerable, 
and often can only be made out by comparison with the other, or sound 
eye. In very slight paralyses the defective motility is not marked 
enough to be recognized at all with certainty. This is particularly 
true of those muscles which have a complicated action, and, above all, 
of the two obliques. In these cases we must rely for our diagnosis 
upon the double images produced. 

The result of the limitation of mobility is a lagging behind of the 
eye when an associated movement is initiated within the sphere of action 
of the paralyzed muscle. Thus, if in paralysis of the right externus a 
point, o (Fig. 113), situated upon the right should be the object of 
fixation, the left eye will be adjusted for it properly; but the right eye 
will not be turned sufficiently far to the right, and consequently its 
visual axis, g, will shoot off to the left of the object. The eye 
“squints” inward (strabismus paralyticus, or luscitas*). This squint- 
ing takes place only when the eye is turned in the direction of the 
sphere of action of the paralyzed muscle, and becomes more pronounced 
the farther the eye is moved toward this side; but in all directions of 
the gaze in which the paralyzed muscle does not have to participate, 
the eyes stand in their proper position. By this fact paralytic squint 
is distinguished from ordinary or concomitant squint, which is present 


* Strabismus, from orpépev, to turn. The term Juscitas comes from luscus, 
squinting, and is at present used exclusively for paralytic strabismus. From luscus 
is derived the French lowche. 
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in all directions in which the eye is turned, and always in the same 
amount. 

The measure of the deflection is determined by the angle s (Fig. 
113), that the visual axis, gy, makes with the line of direction, 7, which 
passes from the object to the retina through the nodal point of the eye, 
and which gives the place of the 
retinal image, 2. This deflec- 
tion of the squinting eye is 
knownas the primary deviation. 

While the patient keeps on 
looking at the object, 0, a screen, 
s, is placed before the left eye 
(Fig. 114). Now the right eye 
takes up the task of fixation, it 
being presupposed that it can be 
really brought far enough to the 
right for this purpose. If now 
we look at the left eye behind 
the screen we shall find it turned 
strongly inward—much more so, 
in fact, than the right eye had 
been previously. The deflection 
of the sound eye when covered, 
which is measured by the angle 
8, (Fig. 114), is called the second- 

Fig. 113.—Primary Strabismic DEVIATION IN ary deviation, which therefore 

PARALYSIS OF THE RIGHT EXTERNAL RECTUS. es Me . 

exceeds the primary deviation in 

magnitude. It is accounted for as follows: When with both eyes un- 
covered the gaze was directed toward the right, the left internus and 
the right externus received the ordinary impulse for a movement to 
the right; but the right eye lagged behind the other in proportion as 
the right externus, owing to its impaired innervation, failed to answer 
to the impulse. If now the left eye is covered, the patient is compelled 
to make ‘fixation with the mght. He can accomplish this, supposing 
that the object does not le too far to the right, by sending into the 
right externus a very strong impulse of innervation, although in so 
doing he still obtains only a very slight effect. He can not, however, 
innervate thus strongly the right externus alone, but can simply send 
out a very energetic impulse for a lateral movement to the right to 
both eyes—an impulse, therefore, which also affects the left internus. 
But in the latter the impulse has its full effect, so that the left eye is 
drawn very strongly to the right (inward). Thus, while in primary 
deviation it is a mere question of lagging behind of the eye, secondary 
deviation is produced by a powerful muscular traction; therefore, the 
secondary deviation is greater than the primary. This point, too, is of 


DISTURBANCES OF MOTILITY OF THE EYE. 549 


importance in distinguishing between paralytic and concomitant squint, 
since in the latter the primary and secondary deviation are equal. To 
measure the magnitude of the primary and secondary deviation the 
best way of proceeding is to mark the position of the external margin 
of the cornea each time by an ink-dot upon the lower lid, as will be set 
forth more precisely in the section on strabismus (§ 127). 

2. False Orientation.—With the paralyzed eye the patient does not 
see objects in their true place; for suppose that, when the right ex- 
ternal rectus is paralyzed, he shuts the left eye and looks with the 
right alone at an object situated a little to the right hand—i. e., within 
the sphere of action of the paralyzed muscle—and then is told to point 
quickly at the object with his extended index-finger: as he does so, 
the finger will always be carried to the right of the object, whence it 
follows that the latter is seen too far to the right (Von Graefe’s grop- 
ing-test). The same phenomenon comes to light when the patient 
tries to walk straight toward a given point with the help of his par- 
alyzed eye, the other being closed. He takes a wavering and zigzag 
course, first bending his steps too far to the right, then recognizing 
his mistake and correct- 
ing it; then deviating 
anew to the right, and so 
on. 

The explanation of this 
occurrence is similar to 
that which has been giv- 
en for binocular diplopia 
(page 530). The object 
is falsely localized, because 
the patient is in error in 
regard to the position 
which his eye occupies. 
When (Fig. 115) the pa- 
tient with his paralyzed 
right eye so fixes the ob- 
ject, 0, which is placed 
somewhat to the right of 
him, that it forms an image 
upon the fovea centralis, 
f, he can accomplish this 
only by the strongest possi- 


] 7 12 Fig. 114.—SECONDARY STRABISMIC DEVIATION IN 
ble Innervation of his par- PARALYSIS OF THE RIGHT EXTERNUS. 


alyzed externus. Now, the 

ideas which we have with respect to the position of our eyes depend 
upon our sensations with regard to the innervation of the individual 
muscles. The patient, therefore, is compelled to believe that the right 
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eye is standing in the most extreme position of right lateral rotation, 
like the eye represented by the dotted line in Fig. 115, because he has 
sent an impulse for a rotation to this amount into the right externus, 
and he can not know that the latter, owing to the impairment of the 
conduction, only partially obeys this impulse. He hence proceeds 
upon the assumption that 
the right eye is turned 
very strongly to the right, 
and that consequently its 
fovea is at f,; he is, there- 
fore, also compelled to be- 
heve that the object whose 
image is formed at the fo- 
vea lies opposite fi—i. é., 
at 0,—and he hence sees 
the object too far to the 
right. Accordingly, ob- 
jects which are fixed by 
the paralyzed eye are al- 
ways seen too far toward 
that side to which the 
paralyzed muscle moves 
the eye. 

3. Diplopia.—This oc- 

curs when vision is per- 
Fie. 115.—F ase Cea ae Rees OF THE formed with both eyes 

simultaneously, and is the 
consequence of the false orientation. The explanation of the way in 
which the double images are produced, and of the way in which they 
behave in the different abnormal positions of the eye, has been given 
on pages 530 et seq. ‘The double images are the most important means 
that we can call to our aid in making the exact diagnosis of the 
paralyses. 

The phenomena so far mentioned, such as restriction of motility, 
strabismus, false orientation, and diplopia, make their appearance only 
when the eyes are moving in the sphere of action of the paralyzed 
muscle, and become more and more marked in proportion as the eyes 
are moved toward this side. Thus, in complete paralysis of the right 
externus the double images and the strabismus make their appearance 
at the moment when the eyes pass to the right of the median line. 
The more the gaze is turned in this direction, the farther apart are the 
double images and the more conspicuous is the strabismus. If we 
should have an incomplete paralysis (paresis) of the right externus 
before us, the double images and the strabismus would not show them- 
selves until the eyes had been turned pretty far to the right, and in ex- 
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treme cases not until the gaze was directed quite laterally (as when, for 
example, the patient looks behind him to the right). From the direc- 
tion of the eyes in which double images and strabismus make their 
appearance, from the position of these double images with respect to 
each other, and from the way in which their distance apart increases 
or diminishes according to the different directions in which the eyes 
are looking, we diagnosticate which of the ocular muscles is paralyzed, 
and whether we are dealing with a complete or an incomplete paralysis. 

4. Vertigo.—This is the result both of the false orientation and of 
the diplopia. It often makes its appearance even in walking upon a 
level floor, but does so still more in going up and down steps, in per- 
forming complicated manipulations, in doing work, etc., and makes 
the patients unsteady and timid, and even excites a tendency to vomit. 
This kind of vertigo is known as visual vertigo, and is distinguished 
from other kinds by the fact that it disappears at once when the para- 
lyzed eye is covered. Most patients hit upon this fact themselves, and 
in walking keep the paralyzed eye closed, either by shutting it or by 
covering it with a bandage. Another way of preserving themselves 
from visual vertigo lies in the— 

5. Maintenance of an Oblique Position of the Head.—A patient in 
whom, for example, the right externus is paralyzed, keeps the head 
turned to the right. If he looks forward with his head in this posi- 
tion, both eyes are turned somewhat to the left, in which position the 
right externus does not come into play, and in which, therefore, paraly- 
sis of it does not make itself evident. And so for every variety of 
paralysis of the ocular muscles there is a definite position of the head, 
which diminishes the visual vertigo, and which is so characteristic of 
the paralysis that the skilled observer is able from it alone to suspect 
the nature of the latter. 

Old Paralyses.—The characteristic symptoms of a paralysis are 
more unmixed and more pronounced the more recent it is. If the 
paralysis gets well after the lapse of not too long a time, the symptoms 
that have been produced by it disappear, and normal binocular vision 
is restored ; if, on the other hand, the cure of the paralysis takes place 
only after a long time has elapsed, or does not take place at all, the 
symptomatic picture changes as follows: 1. The mistakes in orienta- 
tion, particularly as they make their appearance in Von Graefe’s grop- 
ing-test, gradually cease; the patient learns by experience that the 
impulses of innervation for his paralyzed eye correspond to much 
slighter actions than those for the sound eye, and by taking account of 
this fact he once more forms a correct judgment of the situation of 
objects. 2. The diplopia disappears because the sensory perceptions 
of the paralyzed eye are suppressed (exclusion). 3. Contracture of the 
antagonists of the paralyzed muscle gradually sets in. Thus, in paraly- 
sis of the right externus, it is the right internus that becomes short- 
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ened; and so, while in a recent paralysis of the externus, the eye, when 
the gaze is directed straight forward, stands in the middle line, it after- 
ward becomes drawn in more and more, and can no longer be brought 
up to the median position. The result of this is an increase in the 
paralytic strabismus, this reaching a higher degree and becoming mani- 
fested over a more extensive area than before, since it exists not only 
upon the side of the paralyzed muscle but also over the entire field of 
fixation. Owing to this fact, paralytic strabismus acquires a constantly 
greater and greater resemblance to concomitant squint, so that some- 
times the distinction between the two becomes very difficult. The con- 
tracture of the antagonists may even persist when the paralysis itself is 
cured, and may thus prevent the restoration of binocular vision. 

126. Mode of Occurrence.—Paralysis may affect simply one muscle, 
or it may affect several muscles in different combinations. 

1. Paralysis of one single muscle most usually affects either the ex- 
ternal rectus or the superior oblique, because each one of these muscles 
is supplied by an independent nerve (abducens and trochlearis). All 
the other ocular muscles are innervated by the oculomotor nerve, for 
which reason paralysis of any single one of them is of less frequent 
occurrence. 

2. For the reason just mentioned, simultaneous paralysis of several 
muscles is found most frequently in those supplied by the oculomotor 
nerve, and of these muscles some or all may be affected at once. Com- 
plete oculomotor paralysis presents a characteristic picture. The upper 
lid hangs loosely down (ptosis), and has to be drawn up with the finger 
to give a view of the eyeball, which is deflected strongly to the outside 
and somewhat down, because the two muscles not paralyzed—the ex- 
ternal rectus and the superior oblique—draw it in this direction. The 
pupil is dilated and immobile (paralysis of the sphincter pupille), 
and the eye is focused for the far-point and can not accommodate for 
near by (paralysis of the ciliary muscle). A slight degree of exoph- 
thalmus exists because three of the recti, which normally draw the 
eyeball backward into the orbit, have lost their tone. j 

Other muscles besides those innervated hy the oculo-motor nerve 
may be affected, and the paralyses may affect not simply one but both 
eyes. In this way many manifold combinations are formed, of which 
the following are the most frequent: (a) All the eye-muscles in one or 
both eyes are paralyzed, so that the lids hang loosely down, the eyes are 
directed immovably forward, and there is dilatation of the pupil, with 
abolition of the accommodation (ophthalmoplegia totalis). (b) The 
paralysis affects only the external eye-muscles, while the internal mus- 
cles of the eye (sphincter pupille and ciliary muscle) are intact (oph- 
thalmoplegia externa). This is more frequent than total ophthalmo- 
plegia, and finds its explanation in the arrangement of the nerve nuclei 
below the aqueduct of Sylvius. This arrangement is such that the 
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nuclei for the sphincter pupille and the ciliary muscle lie farthest for- 
ward (see page 537), and hence frequently remain exempt from pro- 
cesses which destroy the more posteriorly situated nuclei of the other 
ocular muscles. or this reason ophthalmoplegia externa can. only be 
of central (nuclear) origin. (c) Ophthalmoplegia interna forms the 
converse to ophthalmoplegia externa, as in it only the interior muscles 
of the eye are paralyzed. It can be produced artificially by means of 
atropine. 

3. There are combined paralyses which do not affect the individual 
muscles, but affect associated movements. Thus the ability to look to 
the right or left, or to look up or down, ete., may be lost. These 
are known as conjugate paralyses (Prevost). The most characteristic 
cases of this sort are those of paralysis of the lateral rotators. There 
may, for example, be a paralysis of the associated movements to the 
right. Ifthe patient then fixes his gaze upon an object which is car- 
ried in front of him from left to right, the eyes follow it until it has 
got to the middle line; then both eyes stand still without being able to 
move farther to the right. One might suppose that he was dealing 
with a paralysis of the right externus combined with one of the left 
internus. But this idea can be readily disproved by approximating an 
object to the patient along the middle line. The patient converges 
upon the object until it is very close to him, and hence can use his left 
internus perfectly for purposes of convergence, while the same muscle 
is paralyzed in its capacity of rotator to the right. The cause of con- 
jugate paralyses are lesions in the association centers of the nerves for 
the ocular muscles. 

Etiology.—Paralyses of the ocular muscles are the result of a le- 
sion which may be situated anywhere in the course of the nerve-tract, 
from its very beginning in the cerebral cortex to its termination in the 
muscle itself. According to the site of the lesion, paralyses are dis- 
tinguished into intracranial and orbital. 

In intracranial paralyses the focus of disease lies within the cranial 
cavity. It may affect the centers of highest rank which lie in the cor- 
tex of the brain (cortical paralysis), or the association centers, or, last- 
ly, the centers of lowest rank—i. e., the nerve nuclei upon the floor of 
the fourth ventricle (nuclear paralysis). The bands of fibers, likewise, 
which connect these centers and those fibers which run from the nu- 
clei to the surface of the brain and unite there to form the nerve- 
trunks, may be injured (fascicular paralysis) ; and the nerve-trunks 
themselves may be affected in their course along the base of the skull 
(basal paralysis). 

Orbital paralyses are those in which the lesion is seated in the 
nerve-trunk and its branches, commencing from the entrance of the 
nerve into the orbit through the superior orbital fissure, and extending 
to its termination in the muscle. 
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To diagnosticate the site of the lesion we must take account of the 
character of the paralysis, and particularly of those accompanying 
symptoms which point to an intracranial or to an orbital lesion. 

As regards its nature, the lesion may develop as a primary affection 
in the nerves or in their areas of origin, these being attacked by in- 
flammation or by simple degeneration. Much more frequently, how- 
ever, these structures suffer indirectly as a result of disease in their 
vicinity, such as exudates (especially in the meninges), thickenings of 
the periosteum, neoplasms, hemorrhages, injuries, etc., by which the 
nerves or their nuclei are thrown into a condition of inflammation, are 
compressed, or are in some other way subjected to injury. Among 
the vascular changes which are to be enumerated as causes producing 
lesions of the nerves supplying the ocular muscles are atheroma, 
aneurism, and occlusion of the vessels. 

The cause of the lesion is frequently to be sought for in some gen- 
eral disease. Among these syphilis is the most usual cause of paraly- 
ses of the ocular muscles. Other diseases that result in these paralyses 
are tuberculosis, tabes, diabetes, toxic affections, disseminated sclerosis, 
hysteria, in fact, the most various diseases of the brain, including par- 
ticularly those of focal character and those situated at the base of the 
skull. Among acute infectious diseases, diphtheria is the most frequent 
cause of paralyses of the ocular muscles. Injuries may affect the nerves 
of the ocular muscles in the orbit, or, in the case of fracture of the 
skull, in their intracranial course. Rheumatic paralyses are very fre- 
quent. By this term we understand those paralyses in which, judging 
from the accompanying symptoms, the lesion is situated without the 
cranial cavity, and for which no cause can be found except possibly the 
action of cold. It is for this latter reason that they have been called 
rheumatic paralyses. 

Course and Treatment.—The paralyses either set in suddenly or 
develop in an insidious manner. Sometimes relapses occur. The 
course of the paralyses is always chronic. Even in the most favorable 
cases six weeks and more are required for a cure, and many paralyses 
are absolutely incurable. Whether this is so or not depends mainly 
upon the cause which lies at the bottom of the paralysis, and which, 
therefore, must first of all be taken into consideration in making the 
prognosis. Another means for determining the latter is afforded by 
the duration of the paralysis, since old paralyses, on account of the 
secondary changes which set in (atrophy of the paralyzed muscle and 
contracture of its antagonist), no longer hold out any prospect of a cure. 

Treatment has first of all to take account of the causal indication. 
In this respect syphilitic and rheumatic paralyses afford the best 
prognosis. In the former an energetic antisyphilitic treatment with 
iodine and mercury is indicated. In the latter we give sodium salicy- 
late, and employ diaphoresis (also by means of sodium salicylate or by 
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means of pilocarpine). The symptomatic treatment consists mainly in 
the local application of electricity, administered principally under the 
form of the constant current, rarely under that of the induced current. 
Exercise of the paralyzed muscle with the aid of prisms is also some- 
times employed with advantage. 

Besides the treatment of the paralysis itself, it seems also requisite, 
until the cure has been accomplished, to relieve the patient from the 
annoyance which the diplopia and the vertigo bring with them. When 
we are dealing with very slight paralyses we can unite the double im- 
ages by means of prisms set in a suitable position; in this case the 
patient is made to wear the prisms under the form of glasses. In more 
marked paralyses prisms do not suffice to compensate for the incorrect 
position of the eyes. Then there is no other way of relieving the 
diplopia than to bandage the paralyzed eye, or, better still, to apply 
glasses which have an opaque plate for the paralyzed eye. 

In old paralyses in which contracture of the antagonists has set in, 
we can get a result only by operative treatment. This consists in sec- 
tion of the contracted muscle with simultaneous advancement of the 
muscle that is paralyzed (see § 165). The latter is thus put under 
more favorable mechanical conditions for working—conditions, to be 
sure, of which it can avail itself only if it still possesses a certain degree 
of contractility. Complete paralyses, therefore, with marked failure of 
motility are incurable even by operation. 


To make the diagnosis of paralyses of the ocular muscles, it is not sufficient 
to know the signs of the paralysis of each individual muscle and then see to 
which of them any case that may be before us fits. In this way, to be sure, we 
would quickly make the diagnosis in the typical aud uncomplicated cases, but in 
the numerous cases of combined paralysis we would be helpless, A much more 
proper way of going to work is to determine exactly all the symptoms in any 
given case, and from them find out in what directions the motility of the eye is 
incomplete; then, with the aid of a precise knowledge of the method of action 
of each ocular muscle, we can make out which one or which two or three of the 
muscles are paralyzed. This method of examination may be illustrated by the 
following concrete example: 

A patient comes complaining of diplopia. We first determine that we are 
dealing with binocular (not monocular) diplopia, from the fact that, as soon as 
one of the eyes is covered, there is single vision. Then we make the patient fix 
his gaze upon a pencil held in front of him, and while moving this in different 
directions we notice whether both eyes follow it uniformly. We observe that 
this is the case in all directions of the gaze except when the eyes are cast down. 
When the attempt is made to look down, the left eye does not sink as low as 
the right, and at the same time converges rather too much. We are, therefore, 
dealing with a paralysis of one of those muscles which depress the left eye—that 
is, of the left inferior rectus or the left superior oblique. To distinguish be- 
tween these two we examine the double images. 

We again carry the pencil in different directions in front of the patient’s 
eyes, and determine that the pencil is seen double chiefly in the lower half of 
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the field of fixation—a fact which agrees with the lagging behind of one eye 
when the gaze is directed downward. Of the two images, the right one (R, 
Fig. 116) is the more distinct, stands upright, and is the more elevated. The 
left image (JZ) is indistinct; it is the false image. It is lower, and is obliquely 
placed, its upper end being inclined toward the 
right image. We now cover first one eye, then 
the other, and ask the patient which of the two 
images disappears in each case. In this way we 
find out— 

1. That the indistinct (false) image corre- 
sponds to the left eye. Hence we conclude that 
the paralysis affects the left eye. 

2. That the image of the left eye stands below. 
This proves that the eye itself is relatively too 
high (see page 531 and Fig. 100), and agrees with 
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Douste IMAGES IN PARALY- our previous observation, that when the gaze is 
LIQUE. ee ae nc lowered the left eye remains standing too high, and 


that, therefore, one of its depressors is paralyzed. 

3. That the image belonging to the right eye lies to the right, that belong- 
ing to the left eye to the left, and hence the double images are homonymous—a 
fact which points to a pathological convergence (see page 530 and Fig. 98). 
With the aid of these facts we can determine which of the two depressor mus- 
cles is the one paralyzed. 

The inferior rectus, besides depressing the eye, also effects its adduction. 
The reason for this is that, just as in the case of the superior rectus (page 527), 
the muscular plane of the inferior rectus does not coincide with the sagittal 
axis of the eye, but forms with it an angle which opens out posteriorly, because 
the muscle does not run from its insertion at the optic foramen straight for- 
ward to the eyeball, but forward and outward. For the same reason the con- 
traction of the inferior rectus also produces a rotation of the eye in such a way 
that the upper extremity of its vertical meridian is inclined outward. When 
the inferior rectus is paralyzed, its adducent action is abrogated, and the eye 
consequently is somewhat abducted (producing crossed double images). But 
in our case precisely the opposite occurs, the eye squinting somewhat inward 
(the double images are homonymous) 

The superior oblique depresses the eye, and rotates and moves it out. If 
the latter action is abrogated in consequence of paralysis, the eye is in a con- 
dition of pathological convergence, and the double images are homonymous— 
a state of things which in fact exists in the case before us. We hence diagnos- 
ticate a paralysis of the superior oblique of the left eye. 

But might not these same symptoms be produced by a combination of two 
paralyses—that is, of the left inferior rectus, as a result of which the act of de- 
pression of the left eye is defective, and of the left external rectus, by which 
the position of convergence is caused? This question can be answered from the 
kind of obliquity presented by the apparent image. 

We have seen that a rotation of the eye about its sagittal axis, by which the 
vertical meridian gets to stand obliquely, makes the image that is seen with this 
eye also appear oblique. Conversely, from the obliquity of the image we can 
form a conclusion as to the position of the vertical meridian. In our case the 
lower extremity of the apparent image (s, Fig. 101 B) is seen too far to the 
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left. This corresponds to the upper extremity of the retinal image (p, Fig. 
101 A), which then must lie to the right of the vertical meridian of the retina, 
% 01, Since its projection externally lies to the left of the vertical. The retinal 
image, however, really lies vertically in the retina, since the object stands ver- 
tically in space. Hence, the above statement is better expressed thus: The 
upper half of the vertical meridian of the retina lies to the left of the upper 
extremity of the vertically placed retinal image. Hence, it follows that the 
vertical meridian has its upper half inclined to the left, or outside, and its lower 
half inclined to the right, or inside. 

What paralysis corresponds to this position of the vertical meridian? The 
superior oblique (s, Fig. 101 A) rotates the eye in such a way that the vertical 
meridian has its upper extremity inclined inward; the inferior oblique (é, Fig. 
101 A) tends to incline the upper extremity of the vertical meridian outward. 
In a state of health these two muscular actions are in equilibrium in the pri- 
mary position gf the eyes, so that the vertical meridian really does stand verti- 
cal. But if the action of the superior oblique is abrogated in consequence of 
paralysis of the muscle, the inferior oblique gets the upper hand and draws the 
meridian toward its own side, so that the upper extremity of the meridian is 
inclined outward. Since this is the position of the meridian which we con- 
clude to exist in our case from the obliquity of the double images, our diagnosis 
of a paralysis of the superior oblique is thus confirmed. 

If the inferior rectus had been paralyzed the apparent image would have 
been inclined in the contrary direction. The inferior rectus inclines the. up- 
per extremity of the vertical meridian outward, and when, owing to paralysis 
of the muscle, its action ceases, the vertical meridian assumes the opposite 
inclination —i. e., with its upper extremity inward. This position would 
be just the opposite of that present in our case, and hence, too, the obliquity 
of the apparent image would be in a direction contrary to that actually 
observed. 

For a complete examination of the case it would also be requisite to test 
the position of the double images in the different directions in which the eye 
is turned. The action of the superior oblique is made up of three components, 
the magnitude of which varies according to the position which the eyeball oc- 
cupies at the moment when they come into play. Consequently, the horizontal 
separation, the difference in height, and the obliquity of the double images 
undergo characteristic changes according as the direction of the gaze is varied. 
Moreover, we may perhaps be informed by the patient that the apparent image 
seems to stand closer to him than does the real image. This is a peculiar con- 
dition, which is also quite frequently observed in paralysis of the inferior rectus. 
We must further try to discover whether the double images can be united by a 
prism, and what the strength and the position of this prism would have to be. 
Finally, the way in which the patient holds his head must be considered. In 
paralysis of the superior oblique this attitude is such that the head is bent for- 
ward, and at the same time is rotated toward the sound side. 

To facilitate the diagnosis of paralyses of the ocular muscles for the begin- 
ner, there is placed on the following page a schedule showing the position of 
the double images and their relation to each other in the different directions in 
which the eye is turned. The position of the images is shown in the figures 
appended, in which the dotted outline represents the false image, and hence 
corresponds to the paralyzed eye. 
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RELATION OF THE DOUBLE IMAGES IN PARALYSES OF THE 


Left-sided 
Paralysis. 


Fig. 125. 


Fig. 127. 


OcuLaR MUSCLES. 
(The apparent image has a dotted outline.) 


External Rectus. 
Diplopia appears in looking toward the paralyzed 
side. 
The lateral separation of the images increases as the 
paralyzed eye is abducted. 


Internal Rectus. 
Diplopia on looking toward the sound side. 


The lateral separation of the images increases in 
adduction. 


Superior Rectus. 
Diplopia on looking up. 
The vertical distance between the images increases as 
the eye is elevated and abducted. 
The obliquity increases in adduction. 
The lateral separation of the images diminishes when 
the eyes are turned laterally in either direction. 


Inferior Rectus. 
Diplopia on looking down. 
The vertical distance between the images increases as 
the eye is depressed and abducted. 
The obliquity increases in adduction. 
The lateral separation of the images diminishes when 
the eyes are turned laterally in either direction. 


Superior Oblique. 
Diplopia on looking down. 
The vertical distance between the images increases as 
the eye is depressed and adducted. 
The obliquity increases with the abduction. 
The lateral distance between the images diminishes 
when the eyes are turned laterally in either direction. 


Inferior Oblique. 
Diplopia on looking up. 
The vertical distance between the images increases as 
the eye is elevated and adducted. 
The obliquity increases with the abduction. 
The lateral distance between the images increases as 
the eye is elevated and abducted. 


Right-sided 
Paralysis. 
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Fia. 118. 


WW 


AS 


Fia. 120. 
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The diagnosis as to which muscle is paralyzed often presents considerable 
difficulties even to the adept, if the case is complicated. This occurs— 

1. When several paralyses are combined, particularly in both eyes, and the 
paralyses are partly complete, partly incomplete. 

2. When a disturbance ofsmuscular equilibrium under the form of an in- 
sufficiency was previously present. Such a disturbance is converted from a 
latent into a manifest one when the paralysis sets in, as binocular vision becomes 
impossible on account of the latter in spite of the tendency toward fusion. 

3. When the two eyes have an unequal visual power, and the paralysis 
affects the better eye. The latter then is used to fix with, and the non-para- 
lyzed eye is in a condition of secondary deviation. In such a case it is easy 
for the sound eye to be regarded as the paralyzed one. 

4. When, in old paralyses, a contracture of the antagonists has taken 
place. 

The difficulties of diagnosis are often increased by lack of intelligence or by 
insufficient attention on the part of the patient, in consequence of which it is 
impossible to determine with precision the position of the double images. It 
is also impossible to do the latter when, as in old paralyses, there is a tend- 
ency toward the suppression of the double images. In this case we must try 
to prevent the suppression of the false image by making it as well marked as 
possible—e. g., by selecting an object, such as a candle-flame, which catches the 
attention of the eye, or by placing a colored glass before the eye so as to give 
the image a distinguishing tint. 

MEASUREMENT OF THE PARALYSIS.—A precise determination of the degree 
of paralysis is particularly desirable in order to be able, in the course of treat- 
ment, to calculate whether the paralysis is really undergoing recession or not. 
The measurement is made with the help of the double images; the region 
which these occupy being displaced farther and farther toward the periphery 
of the field of fixation, and the distance between them becoming smaller and 
smaller as the paralysis decreases. 

1. The simplest way of estimating the position and the degree of separation 
of the double images consists in placing the patient at a distance of two or three 
metres from a wall upon which a point lying directly opposite one of his eyes 
has been marked as a point of departure. Starting from this point we carry an 
object which the patient is to follow with his eyes in different directions. We 
mark on the wall the points where the object begins to appear double, and also 
the degree of separation of the double images projected upon the wall in the 
different directions in which the eye is turned. By repeating this test in the 
same way at certain intervals of time we determine the alterations in the diplo- 
pia. Inasmuch as we know the distance of the patient from the wall and the 
linear distance from each other of the double images projected upon the wall, 
we can readily calculate the angle by which the paralyzed eye falls short of the 
line of fixation—that is, the angle of primary strabismic deviation (Landolt). 

3, If we have a perimeter at our disposal, we can project the double images 
upon a hollow sphere instead of upon a plane, in which case we shall find the 
angle of the strabismus directly, and not have to get at it by calculation. We 
make the patient sit in front of the perimeter as in the process of determining 
the field of vision; then, by carrying the mark used as an object of vision 
along the perimetric arc, we ascertain the point where it begins to appear 
double. 
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3. We can also by means of the perimeter determine the field of fixation, 
and, from the way in which it is limited, judge of the degree of the paralysis. 

4. We try to find the prism which in any given direction of the eyes cor- 
rects the strabismic deviation, so that the double images are fused into one. 
The angle of strabismus then amounts to one half of the refracting angle of the 
prism, since for weak prisms the law holds good that they deflect the rays 
through one half the angle which the refracting edge incloses. So, if double 
images are united by a prism of 20°, the strabismic deviation amounts to 10°. 

An indispensable condition for the precision of all these methods of men- 
suration is that, while they are being performed, the patient should move his 
eyes alone, and not his head. 

Sire oF THE Lesion.—Paralyses of the ocular muscles constitute for the 
clinician engaged in the study of internal diseases one of the most important 
means of determining the site of a cerebral affection. Hence, we shall now 
enter more particularly into the consideration of the diagnostic points from 
which we can determine in what part of the nervous tracts the lesion occurs. 

1. Lesions of the centers of higher rank, situated above the nerve nuclei 
(that is, the cerebral cortex, the association centers, and the fibers connecting 
these parts with one another and with the nuclei—regions which are all com- 
prised under the name of intra-cerebral tracts), never cause paralyses of indi- 
vidual ocular muscles. If, therefore, isolated paralyses are present, lesions of 
as high a situation as this can be excluded. The only exception is ptosis, as 
this sometimes is met with as an isolated phenomenon in cortical affections. 

2. Lesions of the association centers cause conjugate paralyses. The eyes 
are unable to turn in some special direction, and then are not infrequently found 
to be drawn toward the opposite side by a spasmodic contraction of the antag- 
onists. Thus, for example, in paralysis of the lateral rotators to the right, not 
only is it impossible to turn the eyes to the right, but it may be that both eyes 
are turned continuously and strongly to the left (conjugate deviation). Conjugate 
paralyses, with or without deviation of the eyes to the opposite side, occur in 
disease of the crura cerebelli ad pontem, of the pons, of the corpora quad- 
rigemina, and of the great ganglia of the brain, particularly of the thalamus 
opticus. 

3. Lesions of the nuclet on the floor of the fourth ventricle (nuclear paralyses) 
produce for the most part paralyses of several ocular muscles. The paralysis 
generally attacks one muscle first and then gradually extends to the others. In 
this way there is developed what is known as central ophthalmoplegia, which is 
usually chronic, rarely acute, in its onset. It may be unilateral or bilateral. In 
most cases the interior muscles of the eye (those of the pupil and accommoda- 
tion) remain exempt from the paralysis, because the nuclei for them lie farthest 
forward, and belong to a different vascular district from the nerve-nuclei that 
lie farther back, so that they are not involved with them in the disease. In 
these cases of ophthalmoplegia externa the diagnosis of nuclear paralysis can be 
made with perfect certainty; for it is not conceivable that a lesion affecting 
the nerve-trunk itself should destroy all the rest of its fibers, and leave intact 
only those which are designed for the interior muscles of the eye. But if there 
is an ophthalmoplegia totalis—that is, one in which all the muscles are paralyzed 
without exception—the site of the lesion may vary. We may be dealing with a 
nuclear paralysis, in which the disease has passed on to the most anterior nerve- 
nuclei as well; but cases of ophthalmoplegia totalis may also originate in a 
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lesion of the trunk of the nerve at the base of the brain, or even within the 
superior orbital fissure. In this case, therefore, the diagnosis of the site can be 
made only from the accompanying symptoms. 

A primary affection of the gray substance of the nuclei of the nerves of the 
ocular muscles lies at the bottom of most cases of ophthalmoplegia (Wer- 
nicke’s polioencephalitis superior). In its nature this affection is analogous to 
that which in bulbar paralysis attacks the motor nuclei situated farther down 
the facial, glosso-pharyngeal, hypoglossal, and vago-accessorial nuclei); and 
as a matter of fact several cases have been observed in which, by an extension 
of the process downward, an ophthalmoplegia has had associated with it the 
symptoms of bulbar paralysis. The most frequent cause of the disease of the 
nerve-nuciei is syphilis; but cases of central ophthalmoplegia due to diphtheria, 
influenza, tabes, disseminated sclerosis, traumatism, and poisoning (by alcohol, 
lead, carbon-monoxide gas, and nicotine), and elso cases of congenital oph- 
thalmoplegia, are known. 

Paralyses of individual muscles also may arise as a result of lesion of the 
nerve-nuclei. In this category belong, first of all, the paralyses which appear 
in the beginning of tabes dorsalis, and, although somewhat less frequently, in 
disseminated sclerosis, and which in all probability are of nuclear origin. Ta- 
betic paralyses, on the whole, give a favorable prognosis, as after some time they 
isually diseppear spontaneously, in spite of the progress of the causal disease. 
Still, there are cases in which the paralyses either do not retrogress at all, or 
else recur after retrogression. By a nuclear lesion the abducens can be para- 
lyzed at the same time as the facial, since the nuclei of these two nerves lie 
close together. 

4. Fuscicular paralysis due to lesion of the fibers between their point of de- 
parture from the nerve-nuclei and their emergence at the base of the brain, may 
be diagnosticated if there is paralysis of the oculomotor nerve of one side with 
simultaneous paralysis of the extremities of the opposite side (alternate paral- 
ysis). In this case, then, a focus of disease must pe assumed to exist in the 
lower part of the pedunculus cerebri (a, Fig. 106). Such a focus of disease 
causes injury both tothe fibers of the oculomotor nerve as they pass through the 
peduncle, so that the oculomotor nerve of the same side is paralyzed, and to 
the pyramidal tract; but as the latter crosses over to the other side below this 
point, the extremities are paralyzed on the side opposite to the lesion. Such a 
paralysis, however, might also be produced by a focus of disease at the base of 
the brain, if the disease were situated so near the peduncle as to cause injury 
to it. An intrapeduncular site of the lesion in alternate paralysis of the oculo- 
motor nerve and the extremities can not with certainty be assumed to exist, ex- 
cept when the fibers destined for the interior muscles of the eye have escaped 
paralysis, inasmuch as within the peduncle the fibers of the nerve still lie so far 
apart that the most anterior of them may remain unaffected by the lesion. In 
analogous fashion an alternate paralysis of the extremities and of the abducens 
(and also of the facial) argues the existence of a focus of disease in the posterior 
part of the pons, or in the portions of the base of the brain adjoining it (}, 
Fig. 106). 

5. Lesions at the dase of the brain may likewise affect one nerve or several, 
and not infrequently affect both sides at once. The facts which with more or 
less probability lead us to infer the existence of a basal paralysis are: (7) When 
a whole series of cerebral nerves upon one side, such as the oculomotor, the 
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facial, the trigeminal, the optic, and the olfactory nerves, are paralyzed one 
after another. (b) When the affection of the trigeminus begins under the guise 
of a neuralgia; the latter not being observed in central paralyses. (¢) When 
one eye is perfectly blind while the other still sees, and the ophthalmoscope 
does not afford evidence of any changes sufficient to account for this state of 
things. From such a condition, in fact, the conclusion may be drawn that the 
lesion involves the intracranial segment of one optic nerve. Interruptions of 
the optic conducting paths higher up can not affect one eye alone; on the 
contrary, they always lead to visual disturbance of both eyes under the form of 
hemiopia. Hemiopia, to be sure, can aiso be caused by a basal lesion—which, 
however, must in every case be situated behind the chiasm, so as to implicate 
one of the two optic tracts; but hemiopia may also, and quite as readily, origi- 
nate in a lesion situated higher up, even as far as the cerebral cortex. Hemiopia, 
therefore, is neither an argument for nor against a basal lesion; that is, this is 
the case in homonymous hemiopia; temporal hemiopia, is of course, a certain 
sign of a lesion at the base, affecting the chiasm at the anterior or posterior an- 
gle, or in the middle line (see page 429). (d) Paralysis of the olfactory nerve 
argues the existence of a basal affection in the anterior fossa of the skull. 

A basal paralysis can with certainty be excluded when there is an oculomo- 
tor paralysis in which the interior muscles of the eye do not share. Such a pa- 
ralysis can only be of nuclear origin. 

Of probably basal origin are the cases of frequently recurring oculomotor 
paralysis, of which some twenty are now known. ‘These are usually observed 
after injuries, although some cases were of hysterical origin. Leber has de- 
scribed a bilateral paralysis of the abducens which was caused by the pressure 
of the carotid upon the nerves that directly adjoined it. 

6. The diagnosis of an orbital paralysis must be made from the accompa- 
nying symptoms, when these are indicative of an affection within the orbit. 
Among such symptoms are pain in the orbit, either spontaneous or excited by 
pressure upon the eyeball or upon the margin of the orbit, a deeply situated 
tumor discoverable by palpation, protrusion of the eyeball, unilateral optic 
neuritis due to pressure on the cptic nerve, and finally the history of an ante- 
cedent trauma which has affected the orbit. 

Paralyses of the ocular muscles may be of congenital occurrence. Mention 
has already been made of congenital ophthalmoplegia, The most frequent con- 
genital paralyses are those of the abducens. It is a remarkable fact that in 
these, contrary to what takes place in the acquired paralyses, contracture of the 
antagonists does not set in; both eyes have a perfectly proper position as long 
as the gaze is not directed toward the side of the paralyzed muscle. An in- 
ability to turn the eye upward has been observed occurring coincidently with 
congenital ptosis. Autopsies have shown that in this case the superior rectus 
was absent. Perhaps similar defects lie at the bottom of many other congenital 
paralyses. 


TS Souris 


127. Symptoms.—Squint consists in a deviation of the visual axis 
of one of the eyes from the correct position of fixation wpon an object, 
the deviation occurring in every direction in which the eyes are turned, 
and always through the same angle. Squint is thus distinguished from 
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paralysis, in which on the one hand the deflection is present only in 
the sphere of action of the paralyzed muscle, and, on the other hand. 
when once within the limits of this sphere, it becomes greater and 
greater the farther the eye is carried into the latter, because then the 
paralyzed eye lags more and more behind the sound one. A squinting 
eye, on the contrary, does not lag behind the other in any direction in 
which the eyes may look, but accompanies it in all its movements, and 
always deviates to the same degree from the correct position, for which 
reason squinting is known as strabismus concomitans. 

The simplest way of going to work to measure the strabismic devi- 
ation is as follows: We cause the patient to fix his gaze upon an object 
which we have placed in the median line between the two eyes, and at 


Fic. 129.—MEASUREMENT OF STRABISMIC DEVIATION. 
A, primary position ; B, secondary position. 


a distance from them of some metres. Suppose that the left eye (L, 
Fig. 129 A) fixes correctly, while the right eye, &, squints inward. 
We then mark by an ink-dot upon the border of the lower lid the po- 
sition of the external margin of the cornea in both eyes (mm, and s). 
We next cover the left eye, which is doing the fixation, with a screen, 
S (Fig. 129 B), at the same time telling the patient to try to find the 
object again. He does so by now using the right eye for fixation, and 
for this purpose brings it into the correct position by a distinctly visi- 
ble movement of redress. We now once more mark the position of the 
outer margin of the cornea of this eye by a dot, m, upon the lower lid : 
the distance, ms, then gives the linear measure for the deviation of the 
that is, gives the primary strabismic deviation. 


squinting eye G ton. 

As the right eye is being brought into the position of fixation, the 
left eye moves inward behind the screen (i, Wig. 129 B)s it is now in 
a position of secondary deviation. We may note the position of the 
outer margin of the cornea behind the screen by means of the point “1 
and thus find the magnitude of the secondary deviation, s,m. It is 
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equal to the primary deviation—a fact which constitutes a further 
point of difference between concomitant and paralytic squint, since in 
the latter the secondary deviation is always larger than the primary 
(page 548). 

As a result of one of the eyes being in an incorrect position, a man 
with squint should see double. But this is really the case only at the 
commencement of strabismus. The diplopia soon disappears, and after- 
ward can be evoked only by the use of all sorts of artifices, or can not 
be evoked at all. This, too, is a feature distinguishing strabismus 
from paralysis, in which the diplopia is such an annoying symptom. 
A man with strabismus fails to see double, because he learns to with- 
draw his attention from the impression conveyed by the squinting eye; 
he “excludes” the image with this eye. ‘The act of exclusion is a 
psychical act; the squinting eye really does see, but the visual percep- 
tions set up by it do not excite attention—just as many men are able, 
in looking through a microscope or telescope with one eye, to leave the 
other open and yet not see with it. As a result of this act of exclusion, 
aman with squint has mere monocular vision; he does not, therefore, 
have stereoscopic sight in the proper sense of the word. 

The visual acuity of the squinting eye is diminished as compared 
with the other or sound eye. Without doubt a certain degree of en- 
feeblement of sight exists even before the inception of the strabismus, 
and, in fact, constitutes one of the reasons for the development of the 
latter. The enfeeblement of sight, however, becomes greater and 
greater the longer the strabismus lasts, since an amblyopia ex anopsia 
develops on account of the exclusion of the eye from the act of vision 
(see page 446). ‘This amblyopia finally reaches such a pitch that read- 
ing becomes impossible, and the sight may even be reduced to the 
ability to count fingers at a short distance. Such an eye has unlearned 
its ability to perform fixation; when the sound eye is covered the 
squinting eye remains rigidly fixed in its false position. 

We distinguish between inward and outward squint (strabismus 
convergens and divergens). Hither the same eye squints all the time 
(strabismus monolateralis), or the two eyes squint alternately (stradis- 
mus alternans). In the latter event it is usually the case that one eye 
fixes for looking at the distance and the other for looking at near 
points. One eye or the other, however, always fixes; it never happens 
that both eyes squint at once, as the laity often believe. Squinting 
may occur only at intervals, or may be present all the time (periodic 
and constant strabismus). 

Etiology.—Strabismus develops from insufficiency. If, when there 
is disturbance of the muscular equilibrium, the eyes are no longer re- 
tained in their proper position bya special effort, but pass into the posi- 
tion corresponding to the muscular conditions and remain there, stra- 
bismus is produced. If we call insufficiency latent squint, we may 
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with even better right denominate squint as an insufficiency which has 
become manifest. In insufliciency the disturbance in the equilibrium 
of the muscles remains latent, because the correct position of the eyes 
is maintained for the sake of binocular vision, as otherwise diplopia 
would ensue. Hence, the fact of an insufficiency’s becoming manifest, 
or its transformation into a strabismus, is effected by such circum- 
stances as reduce the usefulness of binocular vision—that is, such as 
render diplopia less unpleasant. This is accomplished, in the experi- 
ment which is made for demonstrating the presence of insufficiency, 
by covering one eye (see page 542); but in the natural development 
of strabismus it is accomplished by a reduction of the visual acuity of 
one eye. In this way the retinal image of the latter becomes less dis- 
tinct, and hence diplopia becomes less troublesome. Thus, we see a 
man who has hitherto had simply an insufficiency become the subject 
of a manifest strabismus when corneal opacities are left as the result of 
a keratitis in one eye. The most frequent causes leading to strabismus 
through reduction of the visual acuity are: 1. Errors of refraction 
which are present in one eye alone, or to a higher degree in it than in 
the other. In conjunction with such an error of refraction there fre- 
quently exists a congenital amblyopia. 2. Opacities in the refracting 
media, particularly in the cornea and in the lens. 3. Intraocular dis- 
eases. 

Perfectly blind eyes are very apt to become subject to strabismus. 

Strabismus is, therefore, the result of the combined action of two 
factors — diminution of the visual power of one of the eyes, and a 
pre-existing disturbance of the muscular equilibrium. According as 
the latter factor consists in a preponderance in the internal or in 
the external ocular muscles, a convergent or a divergent squint is 
produced. 

128. (a) Strabismus Convergens.—This occurs especially in hyper- 
metropes, hypermetropia being found in about three fourths of all 
cases of convergent squint. Donders was the first to determine this 
fact, and he explains it in the following way: Hypermetropes have to 
make an unusually strong effort of accommodation to see distinctly ; 
but as this effort, on account of the connection between accommoda- 
tion and convergence, is possible only when conjoined with a strong 
impulse toward convergence, the interni acquire a functional prepon- 
derance. Moreover, in hypermetropes the interni are apt to be intrin- 
sically powerful (organic preponderance of the interni, see page 543). 
This preponderance of the internal muscles of the eye develops into 
strabismus if one of the eyes from the time of birth has a more feeble 
vision than the other (e. g., on account of a higher degree of hyper- 
metropia or hypermetropic astigmatism), or if through subsequent dis- 
ease it suffers an impairment of its visual power. Among the affections 
which particularly tend to produce the latter effect is conjunctivitis 
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lymphatica, which leads to strabismus through the opacities of the 
cornea that it leaves behind it. 

Convergent strabismus develops, as a rule, in those years of life 
when the attempt at accurate and long-maintained fixation begins to 
demand a greater effort of accommodation than formerly; it develops, 
that is, between the age of two and six. Usually the strabismus is 
first noticed only when near objects are looked at (periodic squint). 
This may remain the case during the whole life, but generally a con- 
stant strabismus develops from the periodic one, a squint soon making 
its appearance when the gaze is fixed on distant objects as well. More- 
over, the squint at first is usually greater in the act of fixation of near 
objects, in accordance with the greater accommodative effort required 
for this purpose; but later on the strabismic deviation becomes con- 
stant. 

In exceptional cases it happens that children with strabismus gradu- 
ally cease squinting as they grow up, and lose their strabismus about 
the age of puberty. They “outgrow” their squint. But the eye that 
was previously deviated is left with its sight permanently weakened, 
and accurate binocular vision is never restored. 

(4) Strabismus Divergens.—In this, myopia plays the same part 
that hypermetropia does in convergent strabismus. About two thirds 
of all persons with divergent squint are myopic. The cause is as fol- 
lows: ‘he myope, to see objects near by, needs to use, according to the 
degree of his myopia, either little or no accommodation; consequently 
the impulse for convergence is too weak—there is functional insuffi- 
ciency of the interni. ‘lo this are added organic causes which dimin- 
ish the functional capacity of the interni, such as the increased dimen- 
sions of the myopic eye, which offer a mechanical impediment to 
convergence. For these reasons myopes are particularly liable to diver- 
gent strabismus, especially if one of the eyes has less visual power than 
the other. Since small children are not myopic, divergent strabismus, 
unlike convergent strabismus, does not form during childhood, but 
later on, during youth, when myopia itself develops. As the myopia 
increases, the strain upon the accommodation and consequently the 
impulse for convergence steadily decrease, while the demands made upon 
the convergence increase in proportion, owing to the approximation 
of the near point. ‘This state of things must ultimately lead to a point 
where the convergence is no longer able to answer the demands made 
upon it. The convergence first becomes incompetent in the act of fix- 
ation of near objects, for which a stronger effort is required, and thus 
one of the eyes deviates out. Many myopes remain for their whole life 
in this condition of periodic strabismus; in others a constant strabismus 
develops from this condition, since later on one eye gets to deviate out 
in looking at distant points as well. 

A spontaneous cure, such as is sometimes observed in inward squint, 
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never occurs in divergent strabismus; on the contrary, it tends to in- 
crease with age. 

In the highest degrees of myopia the development of a periodic 
strabismus divergens is inevitable. In these cases the far point is ap- 
proximated to a distance of ten centimetres or less; and reading, writ- 
ing, etce., must be carried on at this short range. Ne even the strong- 
est interni are unable to maintain continuously such a convergence as 
this; hence, in accurate inspection of objects near by, one eye always 
davai out, even though the eyes have a correct position for great or 
medium distances. 

Treatment.— Non-operative treatment accomplishes good results only 
in convergent strabismus, and then only in particularly favorable cases. 
Such treatment depends upon the fact that with the removal of the 
excessive effort of accommodation, which is the main cause of the in- 
ward squint, the latter itself disappears, provided that it is not already 
too deeply implanted for eradication. We begin accordingly by para- 
lyzing the accommodation completely by the repeated instillation of 
atropine, and then determine the precise degree of hypermetropia (the 
total hypermetropia, § 146). Upon the basis of this determination we 
order convex glasses which shall completely correct the hypermetropia, 
and which the patient is to wear continuously from that time on. The 
instillation of atropine is still kept up for several weeks after the wear- 
ing of glasses has been begun with, and then is quite gradually discon- 
tinued. This treatment is re-enforced by the use of a bandage several 
times a day, for from a quarter to half an hour at a time, over the eye 
which has previously been employed for fixation. In this way we com- 
pel the other or squinting eye to do the fixing. Non-operative treat- 
ment is only applicable in those children who are old enough to wear 
glasses without hurting themselves with them. It holds out a prospect 
of success only when we have cases to deal with that are not too far 
advanced. The most suitable cases for its application are those in 
which the strabismus is still periodic, and diplopia recurs spontaneously 
—i.e., without the employment of any artificial means for its produc- 
tion—thus proving that the squinting eye has not yet been finally ex- 
cluded from participation in the act of binocular vision. If this treat- 
ment is to lead to any result, it must be pursued energetically, and for 
along time (for months or years), and even after the strabismus has 
been relieved the convex glasses must be used either from time to time 
or continuously, in order that the patient may not again become a yic- 
tim of squint. 

In most cases of strabismus, and particularly in all cases of external 
strabismus, a cure can be expected only from operative treatment. This 
consists in a tenotomy which in inward strabismus is to be performed 
upon the internal rectus, in outward strabismus upon the external rec- 
tus. In the higher degrees of strabismus the tenotomy must be made 
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upon both eyes or must be combined with advancement of the antago- 
nist. The technique of these operations, and the way in which they 
act, will be described in the section upon operations; at present, sim- 
ply the indications for their performance will be briefly given. 

In convergent strabismus tenotomy is indicated in all cases in which 
non-operative treatment has remained unsuccessful, or in which it is 
apparent beforehand that such treatment offers no prospect of success. 
In this latter category belong all cases in which the strabismus has lasted 
a long time, or in which it has attained a high degree. As strabismus 
in some cases, although rarely, disappears of itself as the children be- 
come older, it is advisable to delay the performance of the operation 
until the child has passed the age of ten; for, if we should perform 
early tenotomy in a case which has a tendency to become well spon- 
taneously, a divergent strabismus would subsequently set in. Mean- 
while, in order not to let the time pass unemployed until the children 
are old enough for the operation, we may keep the deflected eye in 
constant practice by frequently bandaging the other, and may thus 
prevent a failure of visual power due to disuse. In addition, we forbid 
their playing with small toys, so as to avoid any unnecessary exertion 
of the accommodation; and, when possible, we order them to wear the 
proper convex glasses. 

Divergent strabismus can be cured in no other way than by an 
operation. Recent cases in which the strabismus is still periodic hold 
out the best chance of success; in such cases a simple tenotomy usually 
suffices. When there is a constant external squint, an advancement of 
the internal rectus is generally required in addition; but in old cases, 
and in those of extreme degree, even this gives only imperfect results. 

The resulé obtained by the operation is, as a rule, simply cosmetic. 
The visual power of the squinting eye is not influenced by the opera- 
tion, and even the restoration of binocular vision is accomplished in 
only a few instances. Nevertheless, the results that we secure by the 
operation are not to be undervalued. A man with squint scarcely ever 
complains of the bad sight in his squinting eye, or of the absence of bi- 
nocular vision; he is ordinarily unaware of the existence of either. He 
only desires relief from his disfigurement, and is very grateful if this is 
accorded him. 


The laity are accustomed to attribute strabismus to an improper placing of 
the cradle with relation to the light, or to the fact that objects upon one side 
of the child excite his attention and cause him to look to one side, or to other 
like causes. But none of these have anything to do with the origin of strabis- 
mus. The strabismus which is so frequently observed in quite small children 
(those below the age of two) is founded upon the fact that such children have 
not yet learned perfectly the complicated associated movements required for 
correct binocular vision. This variety of strabismus disappears of itself with 
advancing years. Permanent strabismus convergens develops somewhat later, 
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after the age of two, and its true cause is that discovered by Donders. It de- 
pends, as has been set forth more in detail above, upon the connection between 
accommodation and convergence. In what way this leads to strabismus is very 
beautifully demonstrated by the following experiment likewise propounded by 
Donders: We cause a man who has perfect muscular equilibrium in his eyes to 
fix his gaze upon an object near by. If, now, we cover one of the eyes, it re- 
mains fixed in the correct position behind the screen. But if we now place a 
concave glass before the uncovered eye, so that the person under examination is 
compelled to accommodate quite strongly in order to see the object distinctly 
the covered eye at once turns inward—that is, an artificial inward strabismus 
is thus produced, owing to the increased effort of accommodation. A disturb- 
ance of the relation between accommodation and convergence is accordingly 
the most important, but it is by no means the only, cause of strabismus. If this 
were the case, all hypermetropes would necessarily squint inward, all myopes 
squint outward, while, as a matter of fact, only a small fraction of them become 
the subjects of strabismus. In fact, for strabismus to be produced, there must 
be other causes as well acting in conjunction with this one. Of these causes 
one of the most important is the congenital state of the muscular equilibrium. 
A hypermetrope who from the start has feeble interni (insufficiency of the in- 
terni) will not be apt to acquire an inward squint; on the contrary, the strong 
accommodation which he has to call forth in order to see clearly actually helps 
him by enabling him to put his too weak interni sufticiently upon the stretch. 
But if, simultaneously with the hypermetropia and independently of it, there 
is a preponderance of the interni, as is the case in many hypermetropes, an 
additional reason is afforded for the development of inward squint; and the 
latter will in all probability develop if a still further favoring factor is pres- 
ent in the shape of a diminution of the visual acuity in one eye. The hyper- 
metrope, in fact, is placed in the following dilemma: If he wishes to see dis- 
tinctly, he has to make too strong an effort of accommodation; but he can do 
this only with the aid of an excessive convergence, so that he sees double. But 
if he converges only as much as is necessary, he can not bring the proper amount 
of accommodation into play, and hence sees indistinctly. He is, therefore, given 
the choice of either seeing distinctly and double, or of seeing single and indis- 
tinctly. He prefers the former alternative whenever, from the fact that the 
image in one of the eyes has grown indistinct, diplopia is made less disagree- 
able to him. 

In strabismus alternans both eyes often have good visual acuity, but unequal 
refraction. If, for instance, one eye is far-sighted and the other near-sighted, the 
former sees clearly at a distance, the other near by, but both eyes can never see 
distinctly at the same time. In this case the far-sighted eye would perform fixa- 
tion in looking at a distance, the near-sighted eye when looking near by, and in 
cither event the eye not used would squint; the image in this eye not being 
distinct, its suppression is readily accomplished. Alternate strabismus is usu- 
ally divergent. 

With many persons it happens that during fixation the eyes are properly 
piaced, but, when they are looking about without thinking of anything in par- 
ticular, one of the eyes squints a little outward. In such a case we are generally 
dealing with myopes with some insufficiency of the interni. In most this con- 
dition remains the same all through life, while in some few a constant out- 


ward squint develops from it. 
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Contrary to the rule that short-sighted persons squint outward, strabismus 
convergens is sometimes found conjoined with myopia of a high degree. This 
is distinguished from ordinary strabismus convergens by the fact that it does 
not develop in childhood, but in the later years of life, and is generally asso- 
ciated with an extremely unpleasant diplopia. It is dependent upon the con- 
stant decrease in the power of movement of the eye, due to its enlargement. 

Intermittent should not be confounded with periodic strabismus. While 
the latter takes place only upon the supervention of certain definite causes, such 
as the act of fixation for near objects, the former makes its appearance without 
known cause. It develops quite suddenly, and after some time disappears as 
suddenly again and returns at regular intervals (e. g., every other day). Inter- 
mittent strabismus is ordinarily directed inward and is almost exclusively ob- 
served in children; it is probably referable to purely nervous disturbances. 

Deviation of the eyes upward or downward, although rare, also occurs. 
Such cases are for the most part those of strabismus convergens in which along 
with the horizontal deviation there is also one in the vertical direction. The 
vertical deviation usually disappears when the strabismus is relieved by tenot- 
omy of the internus. We must hence conclude that this vertical deviation is 
not to be referred to the superior or inferior rectus, but to an abnormal insertion 
of the internal recti, such that in contraction of the latter a deflection in the 
vertical direction is produced at the same time. Pure vertical deviations, not 
referable to paralysis of the superior or inferior rectus—i. e., a genuine strabis- 
mus sursumvergens or deorsumvergens—are extremely rare. 

In the commencement of convergent strabismus there is simply an abnor- 
mally strong innervation of the internus. Hence, the squint disappears during 
sleep and also under narcosis (Stellwag); but afterward the muscle, owing to 
its continual contraction, becomes drawn up permanently, and remains there- 
after always too short. 

The diagnosis of strabismus can ordinarily be made at a glance. In cases 
where the deflection is doubtful, the test given on page 542 serves to make the 
diagnosis. Strabismus is present according to this test if, upon covering one 
eye, the other makes a perceptible movement of redress in order to fix the ob- 
ject held before it. 

Just as a slight strabismus may remain unnoticed, so also it can happen that 
we may believe that we are dealing with a strabismus when none exists. An 
apparent strabismus of this sort is most frequently simulated in the following 
way: The visual axis which joins the object of fixation to the fovea centralis 
does not in most eyes pass through the apex of the cornea, but the latter lies 
somewhat to the outside or inside of the axis.* If, then, the visual axes are 
parallel for distant vision, the corneal apices in the first case are divergent, in 
the second case convergent. If this deviation attains a pretty high degree, it 
becomes noticeable and simulates strabismus. Here, again, the test above men- 
tioned leads to the correct diagnosis; for when each eye is covered alternately 
it is apparent that the eye which is not covered remains steadfast in its position, 
and hence performs fixation properly. 


*[The angle determining the amount of this divergence—i. e., the angle be- 
tween the visual axis and the optical axis, or the antero-posterior line passing 
through the apex of the cornea, is called the angle a. This is usually positive (i. e., 
the visual axis passes to the inside of the optical axis) in hypermetropes; and is 
negative (i. c., the visual axis passes to the outside of the optical axis) in myopes.—D.] 
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Viston OF PATIENTS wWiTH STRABISMUS.—There is no doubt but that in 
the beginning of strabismus there is diplopia quite as much as there is in pa- 
ralysis of an ocular muscle. But since in conv ergent strabismus the develop- 
ment of squint takes place in childhood, we hear nothing about diplopia, and, 
by the time that the children have become old enough to give a trustworthy 
account, they have already learned to perform exclusion. Then diplopia can 
for the most part be produced only by artificial means—e. g., by putting col- 
ored glasses before the eye or by the use of prisms through which the i image in 
the squinting eye is brought nearer to the fovea centralis. But when the squint 
does not develop until later in life, as is only exceptionally the case in con- 
vergent strabismus, but regularly the case in divergent strabismus, diplopia is 
then one of the regular symptoms. Sometimes it is so disagreeable that it 
furnishes the main reason for the patient’s visit to the physician. 

While ordinarily no diplopia exists in old cases of strabismus, it is just in 
these cases that it is very apt to make its appearance after tenotomy. This is 
accounted for as follows: As long as the eye was squinting inward, the image of 
the object of fixation fell upon the portions of the retina situated to the inner 
side of the fovea (Fig. 98). This region of the retina had accordingly accus- 
tomed itself to abstract its attention from the impressions received (regional 
exclusion). If, now, after tenotomy the eye stands in the proper position, the 
image of the object of fixation falls upon the fovea or its vicinity—that is, upon 
portions of the retina which have not been exercised in the act of exclusion. 
Hence, the patient complains of diplopia. This asa general thing soon dis- 
appears; but in rare cases it obstinately persists and becomes extremely unpleas- 
ant to the patient. 

The visual acuity of the squinting eye is almost always reduced. As to the 
cause of the amblyopia, opinions differ. Some think that such amblyopia as is 
found in the squinting eye already existed before the squint; the latter having 
had little or no effect in changing it. Others admit that a certain degree of 
amblyopia existed before the development of the squint, and that, in fact, one 
of the main causes of the latter consisted in this amblyopia, but allege that the 
amblyopia increases afterward, and, often to a considerable degree, owing to 
the disuse of the eye. The latter view, in which I also share, is based upon 
the fact that the older the squint is, the worse the visual power is found to be. 
The visual power is finally reduced to the point where there is simply the ability 
to count fingers, and the power of fixation is lost. Then when the sound eye is 
covered, the deviated eye no longer adjusts itself for fixation, but remains fixed 
in its squinting position, or even squints still more strongly inward than before. 
Schmidt-Rimpler mentions the following instructive case which shows the 
gradual diminution of visual acuity in the deviated eye: He operated on a 
seven-year-old boy for strong inward squint. At the time of the operation there 
was still perfect vision in the squinting eye. By the operation the squint was 
diminished, but not perfectly done away with. Ten years afterward the vision 
of the squinting eye had sunk so low, without the latter having been diseascd 
in any way, that it could only count fingers at four metres, and was no longer 
able to perform central fixation. 

A further proof that the vision of the squinting eye is at least in part not 
congenital, but acquired because of the squint, is afforded by the fact that it 
can be improved by suitable exercise. There are a few casos known in which 
eyes that were no longer able to perform fixation, were brought up to such a 
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point by exercise that they had almost normal vision (Javal). In alternate 
strabismus, in which both eyes are used alternately, the vision of both remains 
good. 

If a man with squint does see with both eyes, he is still like a man with one 
eye in this respect, that like him he has no perception of depth and no stereo- 
scopic vision. Those who squint do not notice this defect themselves, because 
they have learned by practice to form from attendant circumstances conclusions 
with regard to dimensions of depth, even though they do not directly see them. 
One of the first of living ophthalmologists is not prevented by his strabismus from 
being a distinguished operator upon the eye—a proof that even with monocular 
vision a man can see very well for every purpose. To demonstrate that the 
perception of depth in those who squint is inferior to that of people with binoc- 
ular vision requires pretty accurate tests, such as examination with the stereo- 
scope or by means of Hering’s test with falling bodies (see page 539). But the 
vision of those who squint is distinguished from that of one-eyed people by the 
greater extent of the field of vision. The field of vision of one-eyed persons as 
compared with the normal field of binocular vision is limited toward the nasal 
side. In default of the right eye, for example, the field of vision represented 
in Fig. 89 would be minus the shaded portion, #, upon the right side. But 
this would not be the case with one who squints with his right eye. The 
exclusion of the right eye from the visual act is done only for the sake of avoid- 
ing diplopia, and hence is limited to those objects which throw their image in 
both eyes at once—that is, to those which are found in the portion of the visual 
field common to both eyes (the portion left white in Fig. 89). The case is 
otherwise when the object passes into the temporal portion of the visual field of 
the squinting eye (into the right shaded portion in Fig. 89), where it can no 
longer be seen by the other eye because it is hidden from it by the nose. Then 
the image of the object is not suppressed by the squinting eye. Hence, the 
field of binocular vision of a man with squint is about as large as that of a 
normal man. 

The temporally situated portion of the visual field, for which there is no 
suppression of the images, corresponds to the innermost portions of the retina 
of the squinting eye. This, therefore, remains in constant practice and retains 
@ relatively good visual power, while the visual power in the other portions of 
the retina keeps falling off more and more all the time. Hence, in old eases of 
squint, we find that on covering the healthy eye the squinting eye no longer 
performs fixation, but, on the contrary, becomes turned even more strongly in- 
ward, so as to direct toward the object the innermost section of the retina with 
which the best vision, relatively speaking, is obtained. 

Measurement of the strabismic deviation in the way given on pages 553 and 
560 is possible only when the squinting eye still makes the proper adjustment 
for fixation when the other eye is covered. If this is not the case, we must pro- 
ceed by determining the distance, 0, .M,, in the healthy eye (Z, Fig. 129 A) and 
the distance, C'S, in the squinting eye (R) when the gaze is directed straight 
forward. The difference between the two gives the linear measurement of the 
strabismic deviation. This deviation is, properly speaking, an angular quan- 
tity, namely, the angle s (Fig. 118) included between the visual axis, g, and the 
line of direction, 7, drawn from the object to the retina through the nodal point 
of the eye. It is possible to measure this angle directly; but for practical pur- 
poses the linear measurement is sufficient. From the latter we can determine 
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the size of the strabismic angle, since—the size of the eyeball being assumed to 
be about normal—one millimetre of linear deviation corresponds approximately 
to an angle of 5°. 

By means of a He measurement we can also, following the method pro- 
posed by Alfred Graefe (see page 535), measure the lateral excursivns of the 
squinting eye. The following is the result thus obtained in convergent strabis- 
mus: The adduction of the eyeball is increased; the cornea can be carried so 
far inward that its margin is in contact with the caruncle—in fact, it not infre- 
quently is completely concealed behind the caruncle. On the other hand, ab- 
duction is diminished, but, in case the squint has not already lasted too long, 
not more than the increase in adduction amounts to. The total capacity for 
lateral excursion has therefore remained the same, but the latter has suffered a 
general displacement inward. In old and extreme cases of inward squint this 
relation changes, the abduction being reduced still lower without being com- 
pensated for by a corresponding increase in the adduction, so that the total ex- 
cursion-range is diminished. The increase in the power of making inward 
movement always exists in both eyes, although it attains a higher degree in the 
eye that squints. This fact is explained as follows: Owing to the increased de- 
mands made upon the accommodation, an excessive impulse is set free for the 
production of convergence. As 
convergence is an associated move- 
ment of both interni, this impulse 
affects both at once, so that, ow- 
ing to their excessive contraction, 


the visual axes would cross in 
front of the object; but as the 
patient then would fail to have 
direct vision of the object with 
either eye, he turns his head a 
little to one side. He thus gets 
the object into the line of vision, 
g, of one (and that the better) eye 
(LZ, Fig. 130), while the line of 
vision, gi, of the other eye shoots 
off so much the farther from the 
object. Thus the patient secures 
fixation with one eye at all events, 
although both interni are still 
stronely contracted. It is owing 


to the last-named fact that the Fra. 130.—OBLIQuE PosITION OF THE HEAD IN THOSE 
increase in the power of adduction AFFECTED WITH CONVERGENT STRABISMUS. 


develops in the course of time in 

both eyes. By this fact, too, is explained the oblique position of the head in 
those affected with convergent strabismus—such persons carrying the heed 
turned toward the side of the healthy eye (Arlt). 

{n divergent strabismus the region of lateral excursion-movements of the 
eye is displaced outward. The power of moving outward has increased, that of 
moving inward has diminished. Since the latter diminution is much greater 
than the former increase, the total capacity of the eye for making excursion- 
movements is always considerably decreased. 
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A knowledge of the power possessed by the squinting eye for making lateral 
excursion-movements is indispensable as a guide in selecting the method of oper- 
ation and in predicting the result that may be expected. In convergent strabis- 
mus section of the interni has the greater effect, in proportion to the power 
with which the externus can draw the eye over to its own side after the opera- 
tion. But the measure for the working capacity of the externus is the degree 
to which the eye can be abducted. If the abduction is greatly diminished, 
simple tenotomy of the internus will afford very little result, and we shall be 
obliged to proceed to advancement of the externus. In divergent strabismus 
advancement of the internus is almost always required, owing to the very great 
diminution in the power of adduction. 


IV. NYSTAGMUS. 


129. By nystagmus or tremulousness of the eyes are meant short, 
jerking movements of the eye which are very rapidly repeated and 
always occur in the same direction. The movements of the eye, as a 
whole, are not affected by it. Different kinds of nystagmus are dis- 
tinguished according to the direction in which the movements occur. 
Nystagmus oscillatorius is present when the eyes are in a state of vibra- 
tory movement which may take place in either a horizontal or a verti- 
cal direction (nystagmus oscillatorius horizontalis et verticalis). In 
nystagmus rotatorius rolling movements of the eye about the sagittal 
axis take place. Frequently the vibratory are found combined with the 
rotatory movements (nystagmus mizxtus). 

Nystagmus is usually more pronounced in some directions of the 
gaze, less pronounced in others; often it is quite inconstant and does 
not appear at all, except in certain directions of the gaze. The nys- 
tagmus ordinarily grows more marked if the patient knows that he is 
observed, or if he is told to keep his eyes still. 

Nystagmus usually affects both eyes. It sometimes happens, though, 
that it is less pronounced in one eye than in the other, and it may actu- 
ally be limited to one eye. Not infrequently nystagmus is associated 
with squint. 

The most frequent causes of nystagmus are— 

(a) Amblyopia, when this has existed since birth or very early youth. 
Blennorrhea neonatorum is extremely apt to give rise to it, if this dis- 
ease leaves corneal opacities or anterior polar cataract behind it. In 
other cases there are very great errors of refraction, congenital opacities, 
or other congenital anomalies (especially albinism), retinitis pigmentosa, 
etc. If, therefore, we have a patient with nystagmus to examine for 
refraction and vision, we must be prepared beforehand for a failure to 
secure perfect vision by a glass of any kind. 

In what way does amblyopia produce nystagmus? Fixation is not 
a faculty inborn in man, but has to be learned by practice. Very small 
children do not perform fixation, but move their eyes about aimlessly. 
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Now, if the retina does not receive well-defined images, the child does 
not learn to place the eye accurately in the direction required and keep 
it still. Hence, nystagmus fails to develop if the amblyopia does not 
set in till later in life, af a time when the eyes have already learned 
how to perform fixation. 

(4) Nystagmus is a symptom of many cerebral affections, particu- 
larly of disseminated sclerosis. 

(c) Nystagmus develops in laborers in coal-mines, owing to the way 
in which they work in the drifts. 

Nystagmus is associated with no special harm for the patient, for 
the defective vision of such cases is not to be attributed to the nystag- 
mus, but, on the contrary, is the cause of it. There is no cure for nys- 
tagmus. 

To these statements miners’ nystagmus forms the only exception. 
It causes the patients very considerable annoyance, owing to the fact 
that it makes all objects appear in motion, which is not the case in the 
other kinds of nystagmus. Everything seems to dance before the eyes, 
so that vertigo is produced and further work becomes impossible. 
Moreover, this form of nystagmus is curable, although, to be sure, only 
on condition that work in the coal-mines is given up entirely. When 
this is done, the nystagmus after some time disappears of itself. 


Persons suffering from nystagmus are not aware of it themselves; they learn 
of the tremor of their eyes only through information given by others. Many 
patients make the same vibratory movements with their heads as with their eyes, 
only in an opposite direction. There are also men who can produce nystagmus 
voluntarily. 

A certain degree of visual power must be present for nystagmus to exist; 
persons who are born blind, or who become totally blind very early, do not ac- 
quire nystagmus. In such persons the eyes move slowly and aimlessly about, 
making large excursions and often going quite contrary to the laws of associa- 
tion. 

Miners’ nystagmus occurs exclusively in those who work in the coal-drifts, 
It affects hardly any except the class of workers known as pick-men. After 
these men have worked several years in the drifts, they notice that, when they 
leave the drift in the evening, everything dances before their eyes. This phe- 
nomenon disappears again in a short time, but if the work is kept up reappears, 
occurring earlier each time and lasting longer, until the patient is compelled to 
give up his work. In the examination of such patients at the commencement 
of their disease, it can be made out that nystagmus takes place only when the 
gaze is directed straight up, or up and to one side. This fact furnishes the ex- 
planation for the occurrence of nystagmus. The pick-men in many coal-mines 
work in a recumbent position with their eyes turned a good deal upward and 
in an oblique direction. This way of looking, which causes a good deal of 
strain, leads, when long maintained, to exhaustion and clonic spasms of the eye- 
muscles. The apparent movement of objects that results from nystagmus is 
readily accounted for. As the eyes vibrate to and fro, the images of all objects 
upon the retina move, too, but in an opposite direction. But as the patient is 
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not aware of the movement of his eyes, he necessarily attributes the displace- 
ment of the retinal images to movements of the objects themselves. But why, 
then, do not those who have acquired nystagmus because of amblyopia, see ob- 
jects affected with a like dancing motion? Because they have suffered from 
nystagmus from childhood, and hence, at the same time that they have learned 
to see, have also learned in projecting their retinal images to take the nystagmic 
movements of the eyes into account. 

Tonic spusms of the ocular muscles are extremely rare. Many cases of inter- 
mittent strabismus (page 570) belong under this head. They are furthermore 
observed in cerebral affections, particularly under the form of conjugate devia- 
tion (Prévost). This arises from a deflection of both eyes toward the same side, 
which is due to spasm of the appropriate muscles, resulting from disease of one 
of the centers for the association of ocular movements. These cases, therefore, 
are comparable with those of conjugate paralysis (pages 553 and 560), except 
that the case is one of spasm instead of paralysis. Tcnic spasms of the ocular 
muscles may also occur as a result of hysteria. I have observed two perfectly 
analogous cases in women. At every attempt to perform fixation of an object, 
either far or near, both eyes at once assumed a position of extreme convergence, 
the pupils at the same time being very greatly contracted and the accommoda- 
tion thrown into a state of spasm. Here, therefore, the three associated muscles 
—i. e., the interni, the sphincter pupille, and the ciliary muscle, were simul- 
taneously thrown into a condition of spasmodic contraction. By a rather pro- 
tracted treatment with the constant current, one case was entirely cured, the 
other essentially improved. 


CHAPTER XV. 
DISEASES OF THE ORBIT. 


ANATOMY. 


130. THE bony orbit forms a quadrilateral pyramid, whose base cor- 
responds to the anterior aperture of the orbit, and whose apex to the 
optic foramen. The nasal walls of the two orbits are about parallel to 
each other; but the temporal walls diverge from each other a good deal 
from behind forward. ‘The nasal wall is the thinnest, as it is formed 
by the lachrymal bone which is as thin as paper, and by the delicate 
lamina papyracea of the ethmoid (Fig. 93, Zand Z). At its anterior 
extremity it bears the fossa lacrimalis for the reception of the lachry- 
mal sac (Fig. 95, ff). In the posterior portions of the orbit are found 
three apertures which connect the orbit with the parts adjacent. These 
are: 1. The optic foramen which passes between the two roots of the 
lesser wing of the sphenoid into the middle fossa of the skull. Through 
it the optic nerve and beneath the latter the ophthalmic artery pass into 
the orbit (Fig. 24, #’). 2. The superior orbital fissure lies at the junction 
of the upper and outer wall, and is bounded by the lesser and greater 
wing of the sphenoid. It also opens into the middle fossa of the skull, 
and transmits the nerves for the ocular muscles and the first branch of 
the trigeminus. 3. The inferior orbital fissure is longer than the supe- 
rior orbital fissure, and lies at the junction of the outer and the lower 
wall of the orbit, between the great wing of the sphenoid and the superior 
maxilla. It connects the orbit with the temporal fossa (fossa spheno- 
maxillaris). Through it the twigs of the second branch of the tri- 
geminus, the largest of which is the infra-orbital nerve, pass into the 
orbit. 

The walls of the orbit at their anterior margin become thickened 
into a strong bony ring, the margin of the orbit. ‘This constitutes the 
most important defense of the eye against external force, especially 
above and below where it juts farthest out. On the inner side there is 
no sharply defined margin to the orbit, but here the eye is protected by 
the bridge of the nose. On the outer side the orbital margin recedes 
the farthest (Fig. 94, A), so that here the eye is most exposed to in- 
juries. At the upper margin of the orbit is found the supra-orbital 
notch designed for the artery and nerve of the same name (T'ig. 95, 7). 

37 
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At the lower margin of the orbit there is a canal (the infra-orbital 
canal) for the infra-orbital artery and nerve, and this opens upon the 
cheek—by means of the infra-orbital foramen (fi, Fig. 95)—about four 
millimetres beneath the orbital margin. his point and the supra- 
orbital notch are of practical importance, as constituting the points of 
exit of the aforesaid nerves. Sensitiveness to pressure at these spots is 
a frequent symptom in neuralgiz of the trigeminus and also in essen- 
tial blepharospasm. 

The orbit is surrounded by several other cavities in disease of which 
it can itself be implicated. These cavities are the nasal fosse and the 
cavities accessory to them—namely, the ethmoidal and sphenoidal si- 
nuses, the frontal sinus, and the antrum of Highmore. 

The contents of the orbit consist of the eyeball with the optic nerve 
and the muscles, the lachrymal gland, the vessels, and the nerves. ‘The 
interstices between these structures are filled with orbital fat, and the 
whole is maintained ina state of firm connection by a system of fuscie. 
The latter display a greater strength and a more intimate union with 
one another in three places, viz.: 1. Along the walls of the orbit. They 
cover the latter under the form of a periosteum (here called periorbita), 
and likewise may be regarded as making an anterior wall for the orbit. 
This anterior wall is formed by the fascia which starts from the margin 
of the orbit and is attached to both tarsi and also to the hgamentum 
canthi internum and externum (fascia tarso-orbitalis). These struct- 
ures combined represent the septum orbitale, which, when the lids are 
closed, shuts off the orbit anteriorly and keeps its contents in. 2. The 
ocular muscles are surrounded by fasciz which send out processes con- 
necting the muscles with each other, with the lids, and with the 
margins of the orbit (see page 533). 38. Surrounding the eyeball the 
fascize are condensed into a fibrous capsule, Tenon’s (also called Bon- 
net’s) capsule. 'This extends forward as far as the conjunctiva of the 
eyeball and backward nearly to the optic nerve. It is thus open in 
front and behind, and may be said to represent a broad ring placed 
about the eyeball. It forms the articular socket for the eyeball, which 
can move in it freely in all directions. The contiguous surfaces of Te- 
non’s capsule and of the eyeball are smooth, and are provided with an 
endothelial covering (Schwalbe). The intervening space, Tenon’s space 
(¢, Fig. 53), must be regarded as a lymph-space which is continuous pos- 
teriorly with the lymph-space (supra-vaginal space; s, Fig. 53) surround- 
ing the external sheath of the optic nerve. At the points where the ten- 
dons of the ocular muscles pierce Tenon’s capsule, the latter is reflected 
upon the muscles and becomes continuous with the fascia covering them 
(lateral invaginations of the muscles, e and e,, Fig. 53). 

The blood-vessels of the orbit arise from the ophthalmic artery which 
springs from the internal carotid and enters the orbit through the optic 
foramen. The venous blood leaves the orbit through the superior and 
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inferior ophthalmic veins, both of which make their way through the 
superior orbital fissure to the cavernous sinus into which they empty. 
The above-mentioned veins form numerous anastomoses with the veins 
of the forehead. : 

Lymph-vessels and lymphatic glands are wanting in the orbit. 

The nerves of the orbit are either motor—these being the nerves 
destined for the ocular muscles—or sensory ; the latter belonging to the 
first and second branch of the trigeminus. ‘To the outer side of the 
trunk of the optic nerve lies the ciliary ganglion. This contains motor 
fibers derived from the oculomotor nerve (short root), sensory fibers 
from the trigeminus (long root), and sympathetic fibers from the plexus 
which envelops the carotid. The short ciliary nerves pass from the 
ciliary ganglion to the eye, through the posterior division of which they 
enter the interior of the organ. The long ciliary nerves, which like- 
wise enter the eyeball, do not arise from the ciliary ganglion, but come 
directly from the trigeminus (from the branch of it called the naso-cili- 
ary nerve). 

Position of the Eyeball in the Orbit.—This on an average is such 
that a straight-edge applied in a vertical direction to the upper and 
the lower margin of the orbit and pressed against them just comes 
into contact through the closed lids with the apex of the cornea, but 
does not sensibly compress the eye. Variations from this mean posi- 
tion very frequently occur: partly in consequence of individual differ- 
ences in the formation of the face; partly, too, on account of changes 
in the quantity of orbital fat. When corpulence is on the increase, the 
eyes project farther from the orbit (goggle-eyes); but when there is 
emaciation, they sink back into their sockets. 

Pathological changes from the normal position occur chiefly in the 
way of a protrusion of the eyeball from the orbit—exophthalmus. On 
account of the great individual variations in the position of the eyeball, 
small degrees of exophthalmus can be diagnosticated with certainty only 
when they are limited to one eye, so that, by making the comparison 
with the other eye, a guide to the diagnosis is secured. Higher degrees 
of exophthalmus attract our notice at once. The protrusion of the eye- 
ball may advance so far that the lids are no longer able to keep the eye 
back in the orbit, and thus it prolapses in front of the lids—luxatio 
bulbi. The protrusion of the eyeball is either directed straight forward, 
or there is at the same time with this forward projection a lateral dis- 
placement of the globe of the eye. 

Exophthalmus is caused either by an increase in the volume of the 
orbital tissue or by a diminution in the capacity of the orbit. The 
former is much the more frequent. But exophthalmus can also be 
produced by a relaxation of the tone of the recti muscles, which draw 
the eye backward. This is the case in paralysis or in division (tenot- 
omy) of them. 
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The consequences of exophthalmus when it is of high degree are ex- 
tremely disastrous to the eye: 1. The farther the eye comes forward, 
the more it pushes the lids apart. The palpebral fissure is, therefore, 
more widely open and more of the eyeball is visible in it than usual. 
In slight cases of exophthalmus the dilatation of the palpebral fissure 1s 
often more conspicuous than the actual protrusion of the eyeball. The 
fact of the eyeball being more exposed results in symptoms of irritation 
upon the part of the conjunctiva, such as redness of the ocular 
conjunctiva and epiphora. As the protrusion of the eyeball grows 
greater, the closure of the lids becomes imperfect (lagophthalmus) and 
then the cornea begins to suffer, because keratitis e lagophthalmo de- 
velops. This is the most dreaded sequel of exophthalmus, and one to 
which regard has primarily to be paid in the treatment (see page 46). 
2. The pressure which the eyeball exerts upon the lids from behind 
leads to their eversion; ectropion of the lower lid develops. 3. The 
mobility of the eyeball diminishes in proportion as the protrusion in- 
creases, owing to the tightening of the recti muscles and of the optic 
nerve. 4. Vision is affected in various ways. In the cases in which, 
together with the protrusion of the eye, a lateral displacement of the 
organ exists, diplopia makes its appearance. Later on the vision of the 
protruding eye may be abolished altogether by keratitis or by disease of 
the optic nerve. ‘The latter, as long as the protrusion of the eye is but 
slight, is subject to no undue tension, its normal S-shaped curve (see 
page 423) being simply straightened out; it is not until the eye is 
caused to protrude pretty far that the optic nerve is put on the stretch. 
If this stretching takes place gradually, the nerve-fibers often accommo- 
date themselves to it in a wonderful fashion, so that they preserve their 
conductivity, and vision is maintained intact; but if the exophthalmus 
increases rapidly, the optic nerve reacts to the traction by undergoing 
inflammation, with subsequent atrophy. 


In the growth of the body the orbit expands in proportion as the eyeball 
enlarges. If the eyeball is backward in its growth, and more especially if it is 
entirely destroyed in childhood, the dimensions of the orbit also remain smaller. 
If, therefore, in such cases it is desired later on in life to wear an artificial eye, 
the orbit is usually found to be too small for this purpose. 

The inferior orbital fissure is closed by a fascia with which numerous smooth 
muscular fibers are interwoven (musculus orbitalis of Miller). These are inner- 
vated by the sympathetic, and it is therefore supposed that the slight recession 
of the eyeball in paralysis of the sympathetic depends upon relaxation of these 
fibers. 

The situation of the eyeball in the orbit not only varies in different men, but 
may also be unlike on the two sides in the same individual. This is combined 
with an asymmetrical formation of the face, which is frequently associated with 
a difference in the refraction of the eyes. In this case the difference in position 
may be only apparent, since the myopic eye is longer, and hence is more promi- 
nent, so that an exophthalmus is simulated. 
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For measuring the degree of exophthalmus, instruments have been con- 
structed, which are called exophthalmometers or statometers (Cohn, Hasner, 
Zehender, Snellen). 


The opposite condition to exophthalmus, namely, the recession of the eyeball 
into the orbit—enophthalmus—occurs: 1. In decrease of the orbital fat conse- 
quent upon extreme emaciation. In Asiatic cholera this condition develops 
within a few hours, owing to the enormous loss of water from the tissue (Von 
Graefe). 2. In paralysis of the sympathetic (see above), 8. After injuries (en- 
ophthalmus traumaticus). In most cases of this kind the traumatism does not 
affect the eyeball itself, but the upper margin of the orbit. Nieden looks upon 
the enophthalmus that follows in these cases as due to the cicatricial contraction 
of the orbital tissue caused by the injury. Lang, on the contrary, believes that 
the case is one of indirect fracture of the lower wall of the orbit which is thus 
driven in to the antrum of Highmore. As aresult of this the space occupied 
by the orbit would be enlarged, so that the eyeball is pushed back by the press- 
ure of the external air. In favor of this view are one or two cases in which the 
eyeball has been actually luxated into the antrum of Highmore by a blow from 
a cow’s horn. 4. After the spontaneous subsidence of a pulsating exophthal- 
mus (Bronner). 5. In neurotic atrophy of the face. 


I. INFLAMMATIONS. 


(a) Inflammations of the Bony Wall and of the Periosteum of the 
Orbit. 


131. Periostitis of the bones of the orbit is not rare, particularly at 
the orbital margin. Here, too, it is easiest to diagnosticate. A hard 
swelling is felt immovably attached to the bone and causing the margin 
of the orbit to appear thicker and misshapen—a fact which is par- 
ticularly striking when comparison is made with the sharp margin of 
the orbit on the other side. In view of the great tendency toward 
cedematous swelling possessed by the lids and the conjunctiva, it is 
quite conceivable that such a swelling may exist to a greater extent 
upon one side than upon the other; still, it is usually easy to feel the 
tumefaction of the periosteum through the soft swelling of the lids. 
Moreover, the diseased spot is distinguished by its greater sensitiveness 
to pressure. 

If the periostitis is situated, not at the margin, but in the depth of 
the orbit, the diagnosis is much more difficult. We have at first simply 
the signs of a painful inflammation in the deeper parts of the orbit. 
That this inflammation starts from the periosteum is frequently not 
apparent until the periostitis leads to the formation of an abscess, and 
this breaks through to the outside, in which case we then come down 
upon the diseased bone with the sound. 

The course of periostitis leads in favorable cases to complete resorp- 
tion of the periosteal exudate or to the formation of a permanent de- 
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posit of bone (especially in syphilitic periostitis) ; it is more unfavorable 
when the periostitis goes on to suppuration which is followed by caries 
and necrosis of the bone. 

When a periosteal abscess develops at the margin of the orbit, the 
skin over the affected spot first becomes reddened, then becomes 
thinned by the pus, and finallyis perforated. A fistula is thus produced 
through which the sound passes down to bare bone. Afterward there 
develops at the site of the fistula the funnel-shaped depression which 
is characteristic of bone-disease. The discharge of pus from the fistula 
keeps up until all the diseased bone that has died has been eliminated, 
a process for which not infrequently several years are required. Then 
the fistula heals and leaves a depressed, funnel-shaped cicatrix attached 
to the margin of the orbit. Through this can be felt the defect in 
the margin of the orbit left by the necrosis. Other consequences 
which frequently remain are ectropion of the affected lid and even 
lagophthalmus. These two conditions are caused partly by the fact 
that the lid is attached to the margin of the orbit and drawn well back 
toward it, partly by the fact that a portion of the skin of the lid has 
been destroyed in consequence of the prolonged suppuration. 

When the periostitis which has gone on to the formation of an ab- 
scess is situated in the depth of the orbit, the disease runs its course 
with the symptoms of retrobulbar phlegmon, which will be described 
later on. The process is then much more severe and of longer duration, 
since it takes a good while for the pus to make its way from the depth 
of the orbit to the surface. These deep suppurations, moreover, may 
be dangerous to life, if they are transmitted to the cranial cavity and 
give rise to meningitis or abscess of the brain. In this respect the 
periostitides of the roof of the orbit are particularly to be dreaded, 
because at this spot the cranial cavity is separated from the focus of 
pus in the orbit only by a very thin lamella of bone. 

The causes of periostitis are: 1. Injuries. This traumatic perios- 
titis is found most frequently at the margin of the orbit, because this 
is the part most exposed to injuries. 2. Dyscrasie, particularly scrof- 
ula (tuberculosis) and syphilis. These periostitides are likewise local- 
ized more frequently at the margin than in the depth of the orbit, be- 
cause in this case, too, injuries play a part as exciting causes. Injuries 
of a comparatively trifling nature, such as bumps or falls upon the or- 
bital margin, which in healthy persons would remain without further 
ill result, may in people affected with dyscrasiz start up protracted 
specific inflammation. Scrofulous (tuberculous) periostitis occurs chief- 
ly in children and principally affects the superior external and inferior 
external margins of the. orbit, which are the parts most exposed to 
knocks; it leads, as a rule, to caries. Syphilitic periostitis, on the con- 
trary, is ordinarily met with in adults and only exceptionally in chil- 
dren (those with hereditary syphilis). It belongs to the third (gum- 
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matous) stage of syphilis, and for the most part appears as a chronic 
affection under the form of periosteal thickening, more rarely as an 
acute affection with suppuration following it. 

Treatment must, more than anything else, have regard to the etio- 
logical factor. In this respect the best results are obtained in syphilitic 
periostitis, which usually subsides rapidly under a promptly initiated 
treatment with mercury and iodide of potassium. As local treatment 
moist warm compresses. are applied, which in the beginning favor reso- 
lution, but in the later stages accelerate the softening of the abscess 
that is in process of development. As soon as there are signs that sup- 
puration has taken place, there should be no delay about making the 
incision, in order that the pus which has accumulated beneath the 
periosteum may not detach the latter still more extensively from the 
bone. Particularly in the case of deep-seated periosteal abscesses is 
early incision indicated, even though no fluctuation is yet perceptible, 
in order to prevent the transfer of the suppuration to the brain. After, 
the abscess has been opened, a drainage-tube or a strip of iodoform 
gauze is placed in the wound, so as to keep it open for the exit of the 
pus. If caries or necrosis succeeds periostitis, they are to be treated 
according to the general rules of surgery. Ectropion or lagophthal- 
mus, which may develop subsequently, likewise calls for relief by 
operation. This relief must be given without delay when the cornea 
is in danger from being insufficiently covered; otherwise it is better 
to put off operative interference until the process in the bone has 
entirely healed, as otherwise the success of the operation upon the lids 
might be again jeopardized by the renewed formation of abscesses and 
fistulee. 


(0) Inflammation of the Cellular Tissue of the Orbit. 


132. Inflammation of the cellular tissue of the orbit, terminating in 
suppuration, is called phlegmon of the orbit or retrobulbar phlegmon 
(or abscess). It makes itself apparent by marked oedema of the lids 
and the conjunctiva (chemosis). The eyeball is protruded, and hence 
suffers impairment of its mobility; vision is reduced or even quite 
abolished. At the same time there are violent pain, fever, and not 
infrequently cerebral symptoms such as headache, vomiting, mental 
hebetude, retardation of the pulse, etc. When the symptoms have 
reached their acme, the skin of the lids at a certain spot grows red, 
then shows a yellow discoloration, and finally is perforated by a dis- 
charge of pus. After the evacuation of the pus, which is present in 
large quantity, the inflammatory symptoms in most cases rapidly abate 
and the opening soon heals again. The sight may suffer permanent 
diminution or be altogether annihilated, if the optic nerve is impli- 
cated; for inflammation of the optic nerve or thrombosis of its vessels 
may develop, succeeded by atrophy of the nerve. Detachment of the 
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retina and even suppuration of the eyeball (panophthalmitis) also occa- 
sionally occur in retrobulbar phlegmon. If the suppuration is carried 
over from the orbit to the cranial cavity, it leads to a fatal issue through 
purulent meningitis or abscess of the brain. 

Retrobulbar phlegmon may originate from the following causes : 
1. Injuries, when the body causing the traumatism enters the orbit 
and carries infectious germs into its tissues. Those injuries in which 
a foreign body is left in the orbit are particularly dangerous. Opera- 
tions, too, such as enucleation, may give rise to suppuration in the or- 
bit if not performed aseptically. 2. Transfer of inflammation from the 
wall of the orbit or parts in the vicinity of the latter to the cellular tis- 
sue. This is the case in periostitis of the wall or of the adjacent bones, 
in empyema of the adjoining cavities when this ruptures in the direc- 
tion of the orbit, and finally in purulent thrombosis of the cavernous 
sinus, when the thrombotic process is carried from the latter over into 
the orbital veins. 3. Erysipelas; the inflammation being transmitted 
from the skin to the deeper parts. 4. Metastases in pyzmia, typhus, 
scarlet fever, small-pox, purulent meningitis, etc. 5. In a number of 
cases for which no other cause for its development has been discover- 
able, a cold has been accused of being the cause of retrobulbar phleg- 
mon. In many of these cases there has probably been a preceding attack 
of erysipelas which has been very slight, and therefore has been over- 
looked (Leber). 

A retrobulbar abscess requires to be opened as early as possible in 
order to prevent the suppuration from spreading to the brain. We in- 
troduce a sharp-pointed scalpel at the spot where we suppose the abscess 
to be, and do not hesitate to plunge it deep in. The situation of the 
abscess is inferred from the way in which the eyeball is displaced. If, 
for instance, the latter is pushed forward and downward, the abscess 
is to be sought for in the upper part of the orbit. Even when we do 
not succeed in getting out any pus by our incision, because no abscess- 
cavity of any size has yet formed, yet the relief of tension in the tissues 
produced by the incision and the profuse bleeding exert a favorable 
effect. 


Chronic periostitis, particularly when of syphilitic origin, may set up a gradu- 
ally increasing thickening of the bones of the orbit, by which the cavity of the 
latter is rendered progressively smaller. The consequence of this is exophthal- 
mus and also compression of the nerves which enter the orbit, so that neuralgize 
and paralyses are produced. This complex of symptoms is similar to that 
which is observed in leontiasis ossea. This consists in a gradually increasing 
thickening of the bones of the whole face, a process in which the bones of the 
orbit participate, so that in this case, too, the symptoms of contraction of the 
orbit with simultaneous thickening of its walls are produced. 

Symptoms similar to those which present themselves in the beginning of a 
retrobulbar phlegmon accompany thrombosis of the cavernous sinus. The lids 
and the conjunctiva swell up with oedema, and the eyeball is protruded and be- 
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comes hard to move. The veins of the retina are seen, upon ophthalmoscopic 
examination, to be distended enormously with blood. At the same time there 
is a doughy cedema in the mastoid region. These symptoms are referable to the 
fact that the veins of the orbit discharge the greater part of their blood through 
the ophthalmic veins into the cavernous sinus; if the latter is occluded, an ex- 
treme degree of venous stasis in the orbit necessarily takes place and leads to 
protrusion of the eyeball and also to venous hyperemia of the retina. The 
cedema of the mastoid region depends upon the fact that in this region an 
emissary vein of Santorini (the emissarium mastoideum) empties into the trans- 
verse sinus and thus indirectly into the cavernous sinus, so that when there is 
occlusion of the latter this region also shares in the venous stasis. When this 
cedema is present (which, to be sure, is not always the case), it forms an im- 
portant diagnostic sign between thrombosis of the sinus and retrobulbar phleg- 
mon, in which latter it is absent. A further point of difference lies in the fact 
that thrombosis of the sinus frequently passes over to the other side, so that the 
same complex of symptoms develops there also, while, on the contrary, a bi- 
lateral orbital phlegmon would be one of the greatest rarities. Finally, throm- 
bosis of the sinus is associated with very severe cerebral symptoms, interrupted 
at last by the onset of the fatal issue. 

In occlusion of the sinus what we are dealing with is either a simple throm- 
bosis produced by marasmus or a thrombosis due to infection. The latter usu- 
ally originates from a focus of pus situated in the vicinity—e. g., from a phleg- 
mon of the orbit, which gives rise to a thrombotic process in the superior or 
inferior ophthalmic vein which is then carried over into the cavernous sinus. 
Thrombosis of the sinus most frequently originates in a caries of the petrous 
bone, the thrombosis extending from the sinus of the latter [the petrosal sinus] 
to the cavernous sinus. Suppurative processes starting from the teeth also may 
lead to thrombosis of the sinus. Finally, thrombosis of the sinus may be set up 
metastatically in infectious diseases, such as erysipelas, scarlet fever, etc. 


TENONITIS.—Tenon’s capsule may be implicated in inflammations of the 
eyeball, so that an exudate accumulates in Tenon’s lymph-space and the eyeball 
is thus pushed forward. Hence a slight degree of exophthalmus is sometimes 
found in severe cases of irido-cyclitis (particularly after injuries). This is quite 
regularly the case and to a much higher degree in panophthalmitis, in which 
exophthalmus is one of the most constant and striking symptoms. If we enu- 
cleate the eyeball at this stage of the disease, we can convince ourselves that the 
exudate is fibrinous and but very rarely purulent. Afterward the exudate be- 
comes organized and leads to extensive adhesions between Tenon’s capsule and 
the eyeball—a fact of which we can likewise convince ourselves if an enuclea- 
tion is performed in this later stage. Exudation into Tenon’s space also occurs 
after it has been laid open by injuries, and particularly after squint operations, 
when infection of the wound has taken place from dirty instruments. 

There is also a primary serous tenonitis. The symptoms of this rare disease 
can be best gathered from the description of the following case which I myself 
observed: It concerned a woman of fifty-eight years of age, otherwise healthy, 
in whom the disease had begun, without known cause, six days before she came 
under my observation. I found the skin in the vicinity of the lids, and still 
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more the lids themselves, very swollen and cedematous, so that the eyes could 
be opened to only a very small extent indeed by spontaneous effort. When I 
drew the lids apart I found the eyes prominent and almost immovable. The 
conjunctiva of the lids was but moderately, that of the eyeball, on the other 
hand, quite markedly, injected, and the latter was so greatly swollen as to 
form a thick protuberance projecting from all sides over the cornea. The 
secretion was not increased. The cornea and also the deep portion of the eye 
were healthy, and vision was normal, except that there was diplopia due to the 
impaired mobility of the eyes. The disease was associated with moderate pain, 
and particularly with a sense of pressure and tension of the eyes. The treat- 
ment consisted in the administration of an infusion of jaborandi, in order to 
produce rapid absorption of the exudate by means of profuse diaphoresis. Un- 
der this treatment the a@dema and the protrusion of the eyes gradually went 
down, so that when the patient four weeks later was discharged from the clinic, 
the condition of the eyes had become once more perfectly normal. 

The disease described, as far as its nature is concerned, consists in all proba- 
bility in a serous exudation into Tenon’s space. Its causes are obscure; in some 
cases it has been supposed that a cold could be made accountable for it. Some 
cases (among them one case of primary purulent tenonitis) were observed in the 
last epidemic of influenza. The disease tends to relapse, but leaves no perma- 
nent bad results behind. 


Il. [ysurtreEs. 


133. Injuries of the orbit affect either the soft parts alone or the 
bones as well. Injuries of the soft parts originate, as a rule, from the 
penetration of a foreign body into the orbit, the lids and the eyeball 
being, of course, very frequently implicated at the same time. The 
direct consequence of the injury is an extravasation of blood into the 
tissue of the orbit. If this is considerable it causes exophthalmus, and 
also, since the blood oozes slowly forward, it comes into view beneath the 
conjunctiva and the lids under the form of an ecchymosis. Paralysis 
of the ocular muscles, too, may be produced by the injury, and so also 
may lesions of the optic nerve, the latter entailing as their direct result 
partial or complete blindness. It also happens sometimes that the eye- 
ball is driven out of the orbit by the foreign body which has penetrated 
into the latter, and is thus found lying in front of the lids (lwxatio 
bulbt traumatica). This is most of all possible when the body that 
causes the injury enters from the outer side, since here the wall of the 
orbit recedes the farthest—about as far back, in fact, as the plane of 
the equator of the eyeball. There are parts of the world where such 
injuries are purposely inflicted in brawls, the eye being pried out of 
its socket by the thumb, which is thrust into the orbit from the outer 
side. Insane patients have sometimes enucleated one or both of their 
own eyes in this way. Ordinarily the luxated eyeball is lost, but cases 
are known in which after reposition the eye healed again in its place 
and retained its visual power. 

Injuries of the bone are most frequently produced by the action of 
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a contusing force (e. g., by a blow or a fall) upon the margin of the 
orbit. ithey are easy to diagnosticate when they affect the margin of 
the orbit itself. The site of a fracture in-this locality is recognized by 
the unevenness, the sensitiveness to pressure, and in extreme cases by 
the crepitation. When in consequence of the fracture the orbit is 
made to communicate with the neighboring cavities, emphysema may 
develop both in the lids (see page 503) and in the orbit itself. Em- 
physema of the latter kind, like extravasations of blood into the orbit, 
manifests its presence by exophthalmus. But there is this point of 
distinction from extravasation, that in emphysema the protruded eye 
can be pushed back into the orbit again with the finger, since the air 
is displaced by the pressure. On the other hand, the exophthalmus is 
increased by straining during the act of coughing, blowing the nose, 
etc., owing to the fact that fresh supplies of air are forced into the orbit. 

The injury may, if no important organs have been destroyed, heal 
after the resorption of the extravasated blood and leave the parts as 
well as before. In other cases disturbances of motility of the eyeball 
remain, owing to its adhesion to the neighboring structures, or as a 
result of paralysis of the ocular muscles. Moreover, if the optic nerve 
has been injured, permanent blindness of the eye may ensue. Still 
worse are the cases in which the injury results in a phlegmon of the 
orbit, in which case it may even end fatally. 

Treatment in the case of a recent injury consists, in the first place, 
in careful cleansing and disinfection of the wound. If we suspect the 
existence of a foreign body in the orbit we endeavor to extract it; but 
foreign bodies, such as grains of powder, etc., which are known to have 
the power of becoming incorporated in the tissues, may be left in the 
orbit. After taking care that any secretions that form in the wound 
shall have free exit (by the introduction of a drainage-tube or of a 
strip of iodoform gauze), we apply an antiseptic dressing. If there is 
an excessive degree of exophthalmus, a pressure-bandage contributes to 
the rapid absorption of the blood or (in the case of emphysema) of the 
air. As soon as the symptoms of deep suppuration have set in, we 
must proceed as in the case of a retrobulbar phlegmon. 

Deep fractures of the orbit without fracture in the margin may be produced 
by deeply penetrating foreign bodies, but may also be caused apart from these 
and indirectly (by contrecoup). This is the case, for example, after a fall upon 
the head, the dropping of a heavy weight upon it, etc. Such fractures when 
deeply situated can only be suspected from the fact that they are accompanied 
by orbital hemorrhage, which manifests itself by a suddenly developing exoph- 
thalmus and the appearance later on of ecchymosis of the conjunctiva and the 
lids. A further diagnostic point would be supplied if directly after the injury 
partial or total blindness were determined to exist along with a normal appear- 
ance of the eyeball. This condition would necessarily be referred to an injury 
of the optic nerve in the canalis opticus, into the wall of which the fracture ex- 
tends (Hélder and Berlin; see page 444). Similar symptoms also at times ac- 
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company fractures of the base of the skull, except that in this case the exoph- 

thalmus is wanting and the ecchymosis of the conjunctiva and lids sets in still 

later, since the blood takes a longer time to push its way so far forward. 
Spontaneous hemorrhages into the orbit are of extremely rare occurrence, 

taking place as a consequence of whooping-cough or in persons who in general 

are prone to have hemorrhages. 


ContTusION oF THE Eyr.—It may be of service to the general practitioner 
to give a brief, comprehensive presentation of all the consequences which con- 
tusion of the eye or of the adjoining parts may entail. The physician before 
whom a case of this kind comes will deduce from this summary the changes 
that may possibly be present. He will then look for these changes, and thus 
perhaps will arrive at the discovery of lesions of this sort which otherwise 
might have escaped him because they are not very conspicuous. The changes 
produced by contusion are: 

In the lids, ecchymoses, emphysema, solutions of continuity. 

In the margin of the orbit, fractures with or without dislocation of the 
fragments. 

In the location of the eyeball, exophthalmus which may be caused by the 
effusion of blood or air (emphysema) into the retrobulbar tissue or by the forma- 
tion of an arterio-venous aneurism due to rupture of the carotid into the cav- 
ernous sinus (page 594). 

The tension of the eyeball is greatly reduced when a perforation of the 
tunics of the eye has taken place. But the tension may be found to be tem- 
porarily diminished even apart from any gross material lesion, this alteration 
being then due to a decrease in the fluids of the eye and particularly of the 
vitreous (Leplat), which again must be regarded as a consequence of a disturb- 
ance of nutrition dependent upon nervous influence. 

In the conjunctiva, ecchymoses, lacerations (with or without coincident 
scleral rupture). 

In the cornea, epithelial desquamation, and, later on, the varieties of paren- 
chymatous inflammation; rarely purulent processes or rupture of the cornea. 

In the aqueous chamber and the vitreous, effusion of blood (hyphema, hem- 
ophthalmus). 

In the ris, iridodialysis partial or complete (aniridia traumatica). radial 
lacerations, recession of the iris, likewise paralysis of the iris (mydriasis) with 
or without paralysis of accommodation. 

In the dens, astigmatism, subluxation, and luxation due to partial or com- 
plete laceration of the zonula, likewise the formation of cataract. 

In the selera, rupture in the anterior division, attended in well-marked cases 
with prolapse of the uvea, the lens, or the vitreous. 

In the chorioid and retina, extravasations of blood, detachment, rupture; in 
the retina alone, cloudiness (commotio retinz). 

In the optic nerve, compression by effusion of blood, and contusion or rupt- 
ure by fracture taking place in the optic canal. 
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III. BasEepow’s DISEASE. 


134. Basedow’s disease belongs to the domain of internal medicine, 
and hence can only be considered here in so far as exophthalmus be- 
longs among its most important symptoms. This exophthalmus is 
bilateral ; the eyes are pushed straight forward, sometimes but little, 
sometimes to such a great extent that they can not any longer be per- 
fectly covered by the lids. Even when the exophthalmus is great, there 
is little or no limitation of mobility of the eye. It is obvious that 
when the exophthalmus is considerable, it becomes noticeable at the first 
glance; but even when the protrusion is slight the peculiar appear- 
ance of the eyes strikes one at once. This appearance is caused by the 
fact that the upper lids are raised unusually high. The eyes look 
as if forced wide open, and give the patient an expression of astonish- 
ment or of fear. When the eyes are depressed, the upper lids do not 
descend in proportion with the eyeball, but remain elevated, so that a 
broad portion of the sclera is visible above the cornea (Von Graefe’s 
symptom). Winking takes place less frequently, and hence desiccation 
of the deficiently covered cornea is favored (Stellwag’s symptom). The 
eyeball itself, as long as the cornea has not yet suffered harm, is normal 
and the visual power is good. 

The two other main symptoms of Basedow’s disease are the swelling 
of the thyroid gland and the acceleration of the heart’s action (tachy- 
cardia). The former is distinguished from ordinary goitre by the fact 
that when the hand is placed upon the thyroid gland it feels the strong 
movement of pulsation in the arterial vessels, which is communicated 
to the entire gland. So also the carotids are found to be dilated and 
strongly pulsating. The intensity of the heart-beat is increased, the 
frequency of the pulse is regularly over a hundred. The slightest 
bodily exertion or mental excitement at once increases the frequency 
of the pulse very considerably. The physical examination of the heart, 
apart from the enlargement of the left heart, gives a normal result. 
The general state of the patients is disordered to this extent that they 
are for the most part very excitable, and suffer from the symptoms of 
anemia or chlorosis. Not infrequently rapid emaciation is present, 
even when the appetite remains good. 

The disease principally attacks women, beginning at the time of 
puberty and extending up to the appearance of the menopause. Men 
suffer from it more rarely. ‘The most frequent cause of the disease is 
(in women) seated in affections of the genital organs. In addition, 
mental excitement, great fright, anxiety, etc., give rise to an outbreak 
of the disease. 

Basedow’s disease generally develops quite gradually. Palpitation 
usually sets in first, and with this is afterward associated the thyroid 
dilatation, and, last of all, the exophthalmus. As a general thing it 
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takes months or even years before all the symptoms of the disease are 
distinctly marked. ‘Then it usually remains at the same point for 
years, after which it subsides again very gradually and not without leav- 
ing a tendency to subsequent recurrences. In many cases, however, 
the disease does not get well, but remains until the patient’s death, nay, 
more, it may even—by the exhaustion or the complications which it 
produces—be itself the cause of death. Asa general thing the disease 
runs a severer course in men and in elderly people than in women and 
in younger persons. Basedow’s disease is a source of danger to the 
eyes from the fact that when the exophthalmus is of a pretty high de- 
gree closure of the lids is imperfectly performed and keratitis e lagoph- 
thalmo develops. ° In this way blindness of one or even of both eyes 
may be produced. 

Treatment, unfortunately, has little power over Basedow’s disease. 
The anemia is counteracted by means of strengthening diet and also 
by means of iron, quinine, or arsenic. We attack the tachycardia with 
digitalis, while for the general nervous symptoms potassium bromide 
and the cold-water treatment have been pressed into service. What 
usually does the most good is the long-continued employment of the con- 
stant current applied to the cervical sympathetic. The exophthalmus 
per se requires treatment only when it leads to imperfect closure of the 
lids and thus endangers the cornea. In this case we must, by bandag- 
ing the eyes at night-time, provide for their being covered during sleep. 
If the bandage turns out to be insufficient, we must undertake tarsor- 
rhaphy, by which the palpebral fissure is permanently closed in its 
outer portion. We may also, when the tension of the protruded lids 
is very considerable, close the inner part of the palpebral fissure by 
sutures apphed temporarily—i. e., without refreshing the borders of the 
lids. 


Basedow’s disease was first described as a special form of disease by English 
physicians, and particularly by Parry and afterward by Graves, and hence it is 
even now called Graves’s disease by the English. These authors, however, had 
not recognized the exophthalmus as being one of the essential symptoms of the 
disease; this was first done by Basedow, who in 1840 did the pioneer work in 
demonstrating the whole triad of symptoms of the disease. 

In marked cases no disease is easicr to diagnosticate than this; even from a 
distance we can tell what the patient’s trouble is. But, on the other hand, there 
are numerous cases In which some of the symptoms are less pronounced or are 
even wanting altogether, so that the diagnosis becomes difficult. If in this con- 
nection we take only the exophthalmus into account, we find that it may be 
slight, absent altogether, or confined to one eye. When exophthalmus is ab- 
sent, Von Graefe’s symptom is still sometimes present, so that this is not to be 
regarded simply as the consequence of the exophthalmus; but this symptom is 
not constant either, and in the same case may be sometimes present, sometimes 
wanting. 

Trecisely as the separate symptoms of Basedow’s disease may show egrcat 
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variations with regard to the degree of their development, so also may the 
character which the course of the disease assumes vary exceedingly. Although 
as a general thing the course is very chronic, yet cases are known in which the 
disease has been very acute in its onset. Trousseau gives an account of a 
woman in whom the symptom$ of the disease had developed in the course of a 
single night, which she had spent in tears, lamenting the death of her father. 
The subsequent progress of the disease, too, may be so speedy that within a 
few weeks it leads to recovery or to death. 

The essential nature of Basedow’s disease is at present obscure, since most 
autopsies give negative results. In consideration of the symptoms of the dis- 
ease, and especially in consideration of the absence of demonstrable anatomical 
lesions, it must be assumed that a disturbance of innervation lies at the root of 
the disease. As far as the eye is concerned, the sympathetic is the part whose 
function appears to be disturbed. In consequence of this we find a dilatation 
of the vessels in the district supplied by the carotids—a dilatation which is 
manifest even to external observation in the pulsation of the carotids. It is on 
account of this distention of the arterial vessels in the thyroid gland and the 
orbit that the thyroid dilatation and the exophthalmus develop, and both con- 
ditions therefore disappear at death. Von Graefe’s symptom, too, must be re- 
ferred to a disturbance of innervation on the part of the sympathetic, which 
supplies the organic levator of the lid (musculus palpebralis superior); and, as a 
matter of fact, changes have been found in the cervical portion of the sympa- 
thetic in some autopsies, but in other autopsies they have not been found. In 
the latter class of cases the focus of disease must be conjectured to be in the 
central nervous system itself—that is, in the medulla oblongata or in the cer- 
vical part of the cord. 


IV. Tumors OF THE ORBIT. 


135. Tumors of the orbit—in the widest sense of the word—have in 
common one very important symptom, namely, exophthalmus. To de- 
termine the site of the tumor, attention must be paid to the nature of 
the protrusion: whether the latter is directed straight forward, or 
whether there is at the same time a lateral displacement of the eyeball. 
With the same object in view we test the mobility of the eye in all 
directions. Then we try to palpate the tumor itself, so as to be able to 
give an account of its size, form, consistency, mobility, etc. If the 
tumor lies deep in the orbit, we endeavor to penetrate with the little 
finger as deeply as possible between the margin of the orbit and the 
eyeball (under narcosis, if necessary), so as to get at the tumor. Fi- 
nally the examination should be completed by the determination of the 
visual acuity and of the results afforded by ophthalmoscopic examina- 
tion, by which we ascertain whether and in what way the optic nerve 
has suffered injury from the tumor. 

(a) Cysts.—The most frequent of these are the dermoid cysts, which 
are congenital, but which often develop to a more considerable size 
after birth. They lie in the anterior part of the orbit, and there usually 
in its upper and outer or its upper and inner angle. On account of 
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their superficial situation they do not displace the eyeball, but push for- 
ward the skin of the lids, through which they can readily be felt as 
round movable tumors of the size of a bean or walnut. Upon extirpat- 
ing them one can convince himself that they are, as a general thing, 
unilocular cysts with pultaceous or sebiform contents; sometimes pro- 
cesses from them extend pretty deep into the orbit, and thus render 
their complete removal difficult. The only harm that the dermoid 
cysts produce is the disfigurement caused by them, and this, moreover, 
is the only reason for the rather frequent attempts that are made to 
extirpate them. In doing this, we must go to work very carefully to 
dissect out the cysts, as far as may be, unopened. If the wall of the 
cyst, which often is thin, breaks prematurely, a part of it may easily be 
left behind and give rise to recurrences. 

(6) Vascular Tumors.—Belonging to vascular tumors, in the widest 
sense of the word, are vascular dilatations (aneurisms) and new growths 
consisting of vessels (angiomata). Both the one and the other occur, 
although rarely, in the orbit. Among the angiomata we here meet 
with are the two forms that also occur in the lds (the teleangiectasis 
and the cavernous tumor, see page 505). The former is congenital, 
and is originally seated in the lids, from which it may gradually extend 
into the orbit. ‘The diagnosis therefore is easy, since upon the lids the 
tumor is exposed to view. Its treatment when in the orbit is the same 
as when upon the lids. Cavernous tumors, in contradistinction to 
those just named, usually develop first within the orbit and grow slow- 
ly, pushing the eyeball farther and farther before them. As long as 
they are situated wholly within the depth of the orbit, their correct 
diagnosis can be made only from the variable volume which these 
tumors possess. We can diminish their size by pressing the eyeball 
back into the orbit, and, on the other hand, they become more swollen 
in the acts of crying, straining, etc. When the vascular tumors become 
larger and extend farther forward they gleam with a bluish luster 
through the skin of the lids, and dilated blood-vessels are seen to make 
their appearance in the latter; in this case the diagnosis is, of course, 
easy. When we see that these tumors are putting the eye in danger 
through the progressive protrusion to which they give rise, we must re- 
move them. LExtirpation with the knife is principally adapted to those 
cases in which the tumor is sharply limited and is inclosed in a fibrous 
capsule; for the case of a more diffuse vascular tumor electrolytic treat- 
ment is indicated. 

(¢) Mahgnant Tumors.—Both sarcomata and carcinomata occur in 
the orbit. The former are far more frequent, and may take their start- 
ing-point from bone, from periosteum, from the muscles or connective 
tissue of the orbit, from the lachrymal gland, and even from the optic 
nerve and its sheaths. Not to be confounded with them are the sarco- 
mata which develop primarily in the eyeball, and, after breaking through 
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the posterior wall of the latter, grow out into the orbit, at the same 
time pushing the eyeball forward. Orbital sarcomata are usually 
rounded, pretty soft, and sharply defined, because they are inclosed in 
an envelope of connective tissue. 

Primary carcinomata of the orbit are very rare; they start from the 
lachrymal gland. On the other hand, it frequently happens that car- 
cinomata the original seat of which is in the lids or the conjunctiva, 
grow inward into the orbit. 

If malignant tumors are not removed early, they push the eye more 
and more out of the orbit, afterward destroy it, and finally fill the en- 
tire orbit, from whose anterior opening they project as large, ulcerated, 
readily bleeding masses. Still later they pass over to structures adja- 
cent to the orbit, and especially to the brain; the neighboring lymphatic 
glands swell up, and metastases form in the internal organs. The pa- 
tient succumbs from exhaustion or from a transmission of the growth 
to vital organs. To this course a stop can be put only by as early and as 
radical a removal of the growth as possible. Small encapsulated sarco- 
mata can be cleanly enucleated with preservation of the rest of the 
contents of the orbit. Large tumors, particularly if they are not sharp- 
ly circumscribed, demand the removal of the entire contents of the 
orbit (exenteratio orbite, see § 168), in doing which the eye, even when 
it still retains its ability to see, must be sacrificed. 


Histological examination of dermoid cysts shows that their wall possesses 
essentially the structure of the external skin—it consists, that is, of a sub- 
stratum of connective tissue, the papillary body, which supports an epithelial 
lining like that of the external skin, and which not infrequently contains hair- 
follicles and glands (sebaceous and sweat glands). The contents of the cyst is 
mostly like porridge or sebum, and is formed of the exfoliated epithelial cells, 
and the secretion of the glands contained in its walls; in many cases hair, and 
even teeth, have been found in it. Sometimes the contents of the cyst are con- 
verted into an oily or honey-like liquid (oil-cysts and honey-cysts or meliceris) ; 
or they may even become like serum. The anatomical structure of these cysts 
ranges them in the series of dermoid cysts—i. e., of those which are imagined 
to have developed through an invagination of the external germinal layer, 
which then develops afterward into a cyst (Remak). Many of the cysts with 
serous contents may perhaps have originated from an analogous invagination of 
the nasal mucous membrane (Panas). In structure and mode of development 
dermoid cysts are allied to the dermoids of the corneal margin, which likewise 
are to be regarded as aberrant islands of skin (sce page 111). The two varie- 
ties of tumors are distinguished clinically by the fact that the first are deeply 
placed cavities; the second, superficially situated, flat, expanded, wartlike struct- 
ures. 

Another form of tumor with which the dermoid cysts might occasionally be 
confounded are the hernia cerebri. These consist of a herniaform extrusion of 
the dura mater into the orbit. A sac is formed by them which is either filled 
with cerebro-spinal fluid (meningocele) or which also contains brain-substance 
(encephalocele). Hernix cerebri develop at those regions of the skull at which 
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the bones come into apposition by sutures. In the orbit they are most fre- 
quently situated above and to the inner side, where they utilize for their avenue 
of escape from the cranial cavity the suture between the ethmoid and frontal 
bones. Meningocele of the orbit, therefore, is ordinarily represented by a tumor 
which is situated in the upper and inner angle of the orbit, is covered by normal 
skin, is distinctly fluctuant, and has existed since birth. Since dermoid cysts 
also are congenital and frequently occupy the same spot, an error in diagnosis 
might be readily made. Such an error might possibly lead to the worst conse- 
quences, if extirpation of the meningocele, which may be followed by menin- 
gitis, should be thereupon performed. It is hence important to know how such 
a mistake can be avoided. The signs which principally distinguish a meningo- 
cele from the dermoid cysts are as follows: 1. A meningocele is immovably at- 
tached to the bone. Not infrequently we are able to feel with our finger the 
opening in the bone through which the meningocele communicates with the 
cranial cavity (hernial orifice). 2. A meningocele shows the pulsatory and re- 
spiratory oscillations which are communicated to it from the brain. 38. A me- 
ningocele can be diminished in size by pressure with the fingers, since their fluid 
contents are in part pushed back into the cranial cavity. At the same time 
symptoms of increased cerebral pressure, like vertigo, nausea, deviation of the 
eyes, convulsions, etc., may make their appearance. 4. In order to be perfectly 
certain, we make an exploratory puncture of the cyst. In doing this we must 
proceed under rigid antiseptic precautions, so as not to excite inflammation of 
the cyst and consequent meningitis. The diagnosis becomes more difficult, or 
is even impossible, when the communication between the meningocele and the 
cranial cavity (the subdural space) is obliterated; but then in this case removal 
of the tumor is not associated with danger of any sort. In all other cases the 
indication is to leave meningoceles— which anyway are very rare—undisturbed. 

Besides those already given, the only cysts of the orbit requiring mention 
are those formed by entozoa (cysticercus and echinococcus), and also the con- 
genital cysts of the lower lid in microthalmus (page 330). 

Pounsatine ExopuHTrHaLmMus.—Under this term is denoted the following 
complex of symptoms: The eye is protruded; the blood-vessels of the conjunc- 
tiva and the lids, and often of the surrounding parts, too, are dilated. If the 
hand is placed upon the tumor, distinct pulsation of the eyeball itself and of 
the surrounding parts is felt; and if the ear is applied to it, blowing murmurs 
and a continuous whirring and rumbling sound are heard. The patient also 
hears the same sounds; he has a constant rumbling in his head, as if he were 
standing near a waterfall, and he is often more disturbed by this than by any- 
thing else. The eye can be pushed back into the orbit with the hand. A 
special feature distinguishing the disease is the fact that compression of the 
carotid of the same side as the exophthalmus diminishes both the pulsation and 
the sounds or causes them to disappear altogether. The visual power of the 
eye is in many cases abolished, and that, as the ophthalmoscope shows, by 
neuritis of the optic nerve; a conspicuous feature that is brought to ight at the 
same time being the enormous dilatation of the retinal vessels. At times there 
are violent pains in the orbit, and impairment of the hearing. 

It has been proved by a number of autopsies that the most frequent cause 
of this complex of symptoms is an arterio-venous aneurism resulting from rupt- 
ure of the carotid into the cavernous sinus. Through the spot where this 
rupture has taken place the blood of the carotid is discharged under a high 
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pressure into the cavernous sinus and the veins of the orbit, which empty into 
it and which are thus very greatly dilated and set pulsating. The rupture of 
the carotid is most frequently caused by traumatism, and particularly by severe 
injuries of the skull with fracture of the base; rarely a spontaneous rupture oc- 
curs as a result of degeneration of the vessel-wall. 

In rare cases the aneurism subsides spontaneously; otherwise it persists, and 
may produce death with cerebral symptoms or by hemorrhage from the dilated 
vessels. The treatment is self-evident, from the fact that the symptoms disap- 
pear as soon as the carotid is compressed upon the affected side. Hence we try 
first the employment of compression by. digital or instrumental pressure upon 
the carotid every day for as long a time as can be borne. If this procedure, 
after being continued for some time, is unsuccessful, there is nothing left but to 
tie the carotid—an operation by which most cases are cured. 

Besides the tumors enumerated above there have also been observed in the 
orbit, as rare occurrences, the following: Angioma lipomatodes, lymphangioma, 
neuroma plexiforme, leukemic tumors and lymphosarcomata (simultaneously in 
both orbits), cylindromata, endotheliomata, psammomata, and osteomata. The 
osteomata start from the bony wall of the orbit, and most frequently from the 
frontal bone. They may, however, also develop in one of the cavities adjoining 
the orbit, particularly in the frontal sinus, and penetrate into the orbit itself 
afterward through ulceration of the orbital wall. They are usually sessile, 
being attached to the bone by a broad base. In rare instances they are pedicu- 
lated, in which case it occasionally happens that they undergo necrosis spon- 
taneously and are then eliminated. Most osteomata are as hard as ivory, so 
that chisel and saw can make scarcely any impression upon them (exostosis 
eburnea); but there are also osteomata having a spongy or partly cartilaginous 
structure. They grow very slowly, and after a time displace the eyeball from the 
orbit and destroy the sight by compression of the optic nerve. For this reason 
they call for removal by operation, which on account of the great hardness of 
the growth is often very difficult, and, moreover, is not devoid of danger, since 
in its performance the cranial cavity may be opened. Hence we often abstain 
from taking the growth out radically, and satisfy ourselves with removing only 
so much of it as projects into the orbit. When the eye has been pushed out of 
the orbit by a large osteoma and has been already rendered blind, it is some- 
times better to relieve the patient of his troubles by enucleating the eye which 
has become useless, rather than to expose him to the dangers of an extirpation 
of the growth. 


DILATATION OF THE CAVITIES ADJOINING THE ORBIT.—This disease com- 
monly affects the frontal sinus or the maxillary antrum. Diseases of the other 
accessory cavities of the nose, namely, the ethmoidal and the sphenoidal sinuses, 
are among the greatest of rarities, and, besides, are for the most part not possible 
to diagnosticate in the living. The dilatation of these cavities takes place 
through a bulging out of their walls. Hence even on external inspection there 
is visible a protrusion at the corresponding spot, namely, on the forehead in 
enlargement of the frontal sinus, and upon the cheek in enlargement of the 
antrum of Highmore. Moreover, the wall of these cavities which looks toward 
the orbit is bulged outward, so that exophthalmus takes place with a coinci- 
dent lateral displacement of the eyeball toward the side opposite to that of the 
ectasis. The most frequent cause of ectasis of these cavities is the accumula- 
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tion of secretion in them. They are accessory cavities of the nose, and are lined 
by processes of the nasal mucous membrane. Catarrhal inflammation of the 
nasal mucous membrane is frequently communicated to them, and if the passage, 
narrow as it frequently is, between the accessory cavities and the nares is 
blocked by swelling of the mucous membrane, secretion accumulates in the 
former. As the mucous membrane of the accessory cavities does not stop se- 
creting, the cavities gradually become filled and finally distended with secre- 
tion. The secretion has either a purulent or a watery character, so that we 
distinguish between empyema and dropsy of these cavities. In rare cases the 
distention of the cavities is produced by tumors, such as polypi, osteomata, or 
malignant new growths. 

If the distention of the cavities is caused by fluid, the treatment consists in 
opening the cavities according to the rules of surgery, and in securing a perma- 
nent drainage of the secretion. If tumors are the cause of the distention, they 
must be extirpated wherever possible. 


Pa eT, 


ANOMALIES OF REFRACTION AND 
ACCOMMODATION. 


THE eye is constructed upon the principle of a camera obscura. 
This consists of a box blackened on the inside, the anterior wall of which 
is formed by a strong convex lens, which throws upon the posterior wall 
an inverted image of the objects that may chance to be in front of the 
camera. In the human eye we find instead of the convex lens quite a 
number of refracting surfaces constituted by the surfaces bounding the 
refracting media of the eye, namely, the cornea, aqueous humor, lens, 
and vitreous; and in place of the posterior wall is found the retina, 
which not only receives the image, but also at the same time perceives 
it. Hence a diminution of visual power may be produced by two differ- 
ent causes: either the dioptric apparatus of the eye is defective, so that 
a sharp image is not thrown upon the retina, or it is the retina that is 
at fault in that it is not sensitive enough. 

In order to throw a sharp image upon the retina the dioptric appa- 
ratus of the eye must fulfill two conditions. In the first place, the re- 
fracting media must be perfectly transparent. Hence opacities of the 
cornea, lens, etc., make distinct vision impossible. The second condi- 
tion is, that the refractive power of the media should be such that they 
project an image of external objects which is both perfectly distinct 
and also lies precisely upon the retina. The variations from this rule 
we designate as errors of optical adjustment or as errors of refraction 
and accommodation. The theory of these errors, as we see it presented 
to us to-day, forming a harmonious, well-compacted whole, is chiefly 
Donders’s work. It is the exactest portion of ophthalmology, and, in 
fact, of all medicine, for it is based directly upon the application of 
physical and mathematical laws to the eye. ‘These laws, therefore, as 
far as they will require consideration here, must be supposed to be 
known in advance. 
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CHAPTER I. 
THE THEORY OF GLASSES. 


136. THE refractive power of a lens is determined by the position 
of its principal focus. Under the latter name is denoted that point at 
which rays are united which come from an infinite distance, and hence 
are parallel when they strike the lens. 

In convex lenses which render parallel rays convergent, the princi- 
pal focus (/, Fig. 131) lies on the opposite side to that upon which the 
rays fall. Here all the parallel rays are collected (hence “ collecting” 
lens). If the luminous object is a point, the rays also are united into 
a single point, but otherwise they are united into a diminished, inverted 


Fie. 131.—UNION OF PARALLEL Rays, EFFECTED BY A CONVEX LENS. 


image of the object. This image is real—i. e., formed by an actual 
union of the rays at this spot. Just as rays falling upon the lens in a 
parallel direction ultimately reach the principal focus, 7, so also rays 
which go in the opposite direction, from /, and impinge upon the 
lens, will emerge from the latter in a parallel direction. 

Concave lenses so refract the rays which impinge upon them in a 
parallel direction that the latter become divergent when they emerge ; 
hence the name “dispersing” lenses (Fig. 132). These rays never 
come together, but, on the contrary, diverge farther and farther from 
each other. Hence an actual (real) focus—i. e., point of union of the 
rays—does not exist in this case. But if an observer is stationed be- 
hind the lens—e. g., at a—and receives the diverging rays upon his 
eye, he gets the same impression as if these rays came from a point situ- 
ated upon the other side of the lens, a point located at #, where the 
rays would meet if prolonged backward. The observer accordingly 
believes that he does see the image of the object here as emitting par- 
allel rays, although there is no image in reality present at this spot, 
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and, in fact, there is no image formed at any spot whatever. This ap- 
parent image is called virtual (formed at the virtual focus), and lies 


Fie. 132.—DISPERSION OF PARALLEL Rays By A CONCAVE LENS. 


upon the same side as that from which the rays come to the lens. 
Here, precisely as in the case of convex lenses, the law holds good that 
the path of the rays is the same when the direction is reversed. If 
rays impinge upon the lens from its posterior aspect (a) with a con- 
vergence such that they are directed toward /, they will be parallel 
upon their emergence from the lens at its anterior aspect. 

The distance between the principal focus, /, and the optical center, 
h, is called the principal focal distance. In convex lenses this lies upon 
the opposite side to that upon which the rays impinge; it is known as 
positive focal distance, and convex lenses are hence given the sign +. 
The converse is true of concave lenses, whose negative focal distance is 
denoted by the sign —. ‘The refraction of rays by a lens is greater, 
ceteris paribus, the more curved its surface is—that is, the shorter its 
radius of curvature is. 

The numeration of lenses, the object of which is to show their re- 
fractive power, is based upon their principal focal distance; for, the 
more strongly the rays are refracted, the closer their point of union 
comes to the lens, and the shorter, therefore, is their principal focal 
distance. The latter accordingly is in inverse proportion to the refract- 
ing power of the lens, and can hence be utilized as a measure forit. A 
principal focal distance of 1 metre is assumed as unity, and the lens 
which has this principal focal distance is called a metre-lens or dioptre 
(D). If 2 metre-lenses are placed in apposition, twice the refractive 
power is obtained, namely, 2 dioptres (2 ). The principal focal dis- 
tance is now one half that of the former lens—i. e., 4 metre = 50 cen- 
timetres. Instead of placing 2 metre-lenses in apposition, we may 
grind a lens whose curvature is twice as large (or whose radius of curva- 
ture is half as large) as that of the single metre-lens. We thus get a 
lens of a 2-dioptre refracting power and a principal focal distance of 
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50 centimetres. In analogous fashion a lens of 4 ) would have one 
fourth the focal distance of the metre-lens—i. e., 100 cm. + 4 = 25 cm. 
A lens of 4 D refractive power has, on the other hand, a focal distance 
of 100cm. +4=200cm. The focal distance of a lens of n Dis thus 
100cm.-+ 7, The trial-cases ordinarily employed for examining the 
eye contain lenses from 0°25 D up to 20 D. 

137. The lenses so far considered have been biconvex and bicon- 
cave. For weak glasses plano-convex (Fig. 133, 4) and plano-concave 
(Fig. 133, B) lenses are also employed, the refracting power of which 
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Fie. 133.—A, plano-convex lens; B, plano-concave lens; C, positive meniscus; D, negative 
meniscus ; E, convex cylindrical lens ; F’, concave cylindrical lens. 


is one half of that which the doubly curved lenses possess, the curvature 
of the surface being the same. There are also lenses one surface of 
which is convex, the other concave. If the radius of curvature of the 
two surfaces is the same, so that they are parallel with each other, the 
glass acts like a plane glass. This is the case in the coquille or pro- 
tective glasses. Such lenses have refracting power only when the cur- 
vature of one surface surpasses that of the other (meniscus). If the 
convex bulges more than the concave surface, the lens acts as a convex 
lens (positive meniscus, Fig, 133, C’). If, on the contrary, the concave 
is more strongly curved than the convex side, the combination acts as a 
concave lens (negative meniscus, Fig. 133, D). Menisci have the ad- 
vantage over ordinary lenses that we see as distinctly when looking 
through the marginal portion of the glasses as when looking through 
their center, while ordinary lenses give distorted images when we look 
through their marginal portion. Hence, menisci are also called peri- 
scopic * glasses. ‘They are, however, only suited for weak glasses, since 
the higher numbers of menisci are too heavy. 

Besides the lenses just given, which are called collectively spherical 
lenses, there are also cylindrical lenses. If we image a segment cut 
out of a cylinder (Fig. 134), this segment forms a convex cylindrical 


* From tept, about, and oxomeiv, to see. 
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lens (Fig. 133, #). This has the property of allowing rays which im- 
pinge along its axis, a a (Fig. 134), to pass without deflecting them. 
Rays which impinge perpendicularly to the axis, along a line corre- 
sponding to 640, undergo the maximum refraction—i. e., that cor- 
responding to the curvature of the cylindrical calotte. Rays which 
pass through the lens in meridians lying between the two main direc- 
tions undergo a deflection which has a value somewhere between zero 
and the maximum, varying according to the angle that the meridian in 
which the rays impinge upon the lens forms with the axis. The same 
thing is true of concave cylindrical lenses (Fig. 133, #’), which may 
be regarded as representing the mold of the positive cylinder. 

Since cylindrical lenses refract unequally the rays impinging upon 
them in different meridians, they are calculated to compensate for a 
difference in refrangibility existing in the different meridians of the eye; 
they serve, accordingly, to correct regular astigmatism. 

Prisms are employed for glasses either alone or combined with 
lenses. ‘The number engraved upon prisms indicates their refracting 
angle; the deflection which the rays undergo amounts in the case of 
weak prisms to one half thisangle. Prisms find their chief application 
in insufficiency and paralysis of the ocular muscles. 

Protective glasses for shielding the eye against light are made of 
various shades of blue or gray glass (London smoke). The coquille- 
shaped, curved glasses are the best, 
since they also moderate a part of the 
light that comes in from the side. 
Workmen’s glasses for shielding the 
eye against foreign bodies consist of 
glass, or, when the intention is to make 
them unbreakable, of mica or of fine 
wire gauze. 

Stenopeic* glasses consist of a 
blackened disk of metal, in which is 
placed a small round hole or a narrow 
slit. ‘The stenopzic slit is principally 
used for examining astigmatic eyes. 
The round stenopzic hole is sometimes 
employed with advantage in cases of 
corneal opacities. It is adapted for 


: ; in which a part of the pu- Fie. 134.—Tue Convex CYLINDRICAL 
oe aca Me P ® P LENS CONSIDERED AS A SEGMENT 
pillary area of the cornea is clear, while oF A CYLINDER. 


another part is occupied by a semi- he 
transparent spot of cloudiness, which cause disturbance of vision through 
diffusion of light. If the disk is held before the eye in such a way that 


* From orevds, narrow, and ém4, peep-hole. 
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the aperture lies in front of the transparent portion of the cornea, the 
latter alone is used for seeing, and the opacity which causes the disturb- 
ance is entirely excluded. Since a man has only a very small field of 
vision in looking through such an aperture, and since, moreover, he can 
not move his eye about behind it, stenopeic glasses are not suited for 
going about, but they often enable the patient (who can best manage 
them by holding them in his hand) to read in cases in which it would 
be impossible to do so in any other way. 


Oup System oF NUMBERING LENsES.—Up to a few years ago lenses were 
not numbered according to the metric system, but according to the inch sys- 
tem, and even at present most opticians sell lenses of this sort. The unit which 
formed the basis of the old system of numbering was a lens of 1 inch focal dis- 
tance. A lens of 10 inches focal distance has only a tenth part of the refractive 
power of the 1-inch lens, and hence is denoted by the figure >; for the same 
reason a lens of 80 inches focal distance is called a ,45 lens, and so on. The re- 
fractive power of the glass is thus expressed by a fraction, whose denominator 
is the principal focal distance, in accordance with the law that the refractive 
power is the reciprocal of the focal distance. Upon the lenses themselves are 
engraved not the fractions but their denominators—i. e., the focal distances. 
The numbers contained in the old cases of glasses run ordinarily from the weak- 
est glass, No. 80, up to No. 2 or 1}. To speak precisely, these numbers do not 
give the focal distance of the glasses, but their radius of curvature. The opti- 
cian does not grind lenses of a certain refractive power, but lenses of a certain 
curvature—corresponding to the curvature of his grinding tool—and marks 
the radius of curvature upon the glass as its number. It happens that the glass 
usually employed for lenses has an index of refraction such that the radius of 
curvature has about the same value as the focal distance, so that without too 
great error we can assume the number marked upon the glass to be the principal 
focal distance. It was the most important advantage which the old system of 
numbering glasses had to offer, that from the number of the glass one knew at 
once its focal distance, and did not have to calculate it, as with the metric sys- 
tem. To compensate for this, the old system of numbering had so many disad- 
vantages that it was seen to be necessary to give it up. The refractive power 
of the lens was expressed by fractions, which made the work of calculating the 
values of lenses rather complicated. The very unit of the system—namely, the 
inch—varied in magnitude in the different countries, so that a No. 10 glass 
bought in Paris had a different focal distance from that of one of the same 
number which had been made in London or in Vienna. In fact, the inch is 
everywhere destined to drop into oblivion. So when Nagel, in 1866, first pro- 
posed the metre-lens as the unit of a new system of numeration, his idea soon 
found acceptance, and finally also passed into practical use, after an interna- 
tional commission appointed for this purpose, upon the motion of Monoyer, had 
declared itself in favor of the metric system of designating glasses. 

The conversion of the numbers of one system into those of the other is very 
simple. The metre measures from 37 to 39 inches, according to the length of 
the inch in different countries, If we are not concerned in making a precise 
estimate, we may, in order to be able to carry the calculation in our heads, re- 
gard the metre as about 40 inches. A glass of 40 inches focal distance (5 glass) 
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is, therefore, about a dioptre. A No. 10 glass (q5)—i. e., of 10 inches focal 
distance—has one fourth the focal distance of a No. 40 glass, and is therefore four 
times as strong as the latter; it is accordingly 4 dioptres. Hence, we get at 
the value of the old number in dioptres if we divide 40 by the old number. The 
conversion of the new numbers into the old is done in a similar way: e.g.,5 D 
have one fifth the focal distance of 1 D. The latter is about 40 inches; 5 D, 
therefore, have a focal distance of 40 + 5 = 8 inches. Hence, the old number 
is converted into the new, or the new into the old, by dividing 40 by the given 
number, when the number of the other system is then at once obtained, 

The problem very often confronts the physician of determining the strength 
of a glass which the patient brings along with him. If, as is generally the case, 
no great precision is required, we may employ the following methods for de- 
termining the strength of a lens: 

1. Direct measurement of the focal distance. We station ourselves with 
the glass—supposing it to be a strong convex glass—close to the wall of a room 
which is situated opposite the window, and throw with the glass an image of 
the window upon the wall. Then we measure that distance of the glass from 
the wall at which the image is the sharpest. This distance gives the principal 
focal distance of the glass directly. Suppose, for instance, the distance to be 
20 centimetres; then the number of the glass would be 100+ 20=5 D. In 
doing this the not quite proper assumption is made that the window is at an 
infinite distance from the glass, since the principal focus is the point of union 
of rays that are parallel—i. e., come from an infinite distance and impinge from 
the lens. But this error is negligible when the window is distant not less 
than 6 metres from the wall. At smaller distances this procedure, however, is 
not applicable. Moreover, it can not be used for weak convex glasses, which do 
not afford a sufficiently distinct image; nor for concave glasses, which do not pro- 
duce a real image at all. For these two cases we must add to the glass to be 
tested a strong convex lens of known focal distance and determine the focal dis- 
tance of the two together. Then from the number of dioptres corresponding to 
the combined focal distance must be subtracted the number of dioptres added. 
Suppose, for example, that we have found that a certain glass combined with a 
lens of + 10 D throws a distinct image upon the wall at a distance of 14 centi- 
metres. 7D correspond to a focal distance of 14 centimetres, for 100 + 14 = 7. 
Since the auxiliary glass was one of 10 D, the glass which 1s being determined 
must be 7 —10 D= —3D. It is, therefore, a concave glass having a refract- 
ing power of 3 D. 

2. If we have a case of glasses at our disposal, we determine the refractive 
power of a lens most speedily by placing lenses of the contrary sign before it until 
we have found a lens which completely neutralizes the first one. So if we had 
to search for the number of a concave lens we would keep adding to it stronger 
and stronger convex lenses until the combined action of both lenses is the same 
as that of a plane glass. This is the case when vision through the combination 
is the same as with the naked eye. A still more certain way of deciding this 
question is by parallactic displacement. If we look at a distant object through 
a concave glass and then move the glass to and fro before the eye, the object 
executes an apparent movement in the same sense; but if we look through a 
convex glass, the apparent movement of the object takes place in the contrary 
direction. Hence, as long as one of the two superimposed glasses is in excess 
of the other, we get a parallactic displacement in one direction or the other—a 
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displacement which disappears the moment we combine two perfectly similar 
glasses of different sign. 

The general practitioner who does not care to buy a complete trial-case can 
get along with one having a smaller number of glasses (10 to 12 convex and as 
many concave), as by their combination he can produce the other numbers. 

The effect of the glasses depends not only upon their refractive power, but 
also upon their distance from the eye. The effect of concave glasses is weak- 
ened and of convex glasses is strengthened the farther they are held from the 
eye. We hence see old people whose convex glasses have already become too 
weak for reading frequently push their glasses far down on the nose so as to 
carry them away from the eye. The stronger the glass the greater is the influ- 
ence which its distance from the eye exerts. For this reason the intervals be- 
tween the separate numbers are not required to be so numerous in the case of 
the stronger glasses as in the weaker ones, since the effect of the former can be 
readily increased or weakened by slight alterations in its distance. This is 
mainly of advantage to those that have been operated upon for cataract, who 
possess no power of accommodation, and hence with their strong convex glasses 
can never have their sight adjusted except for one definite distance. By slightly 
displacing the glass they so far help matters that with the same glass they can 
see sometimes a little closer to them, sometimes a little farther off. 

In the act of displacing the glasses attention should be paid to having the 
centers of the glasses separated from each other as far as are the pupils of the 
person wearing the glasses, otherwise he would be looking through the edges of 
the latter. In this case the images are less distinct, and, moreover, the glasses 
then act like weak prisms. 

It is frequently the case that a person needs glasses for vision both at a dis- 
tance and near by, but that these are of a different strength. If the gaze has 
to be directed alternately and in rapid succession at far and near objects, as, 
for example, in the case of a painter who looks first at the landscape then at 
his canvas, the continual changing of glasses would be very troublesome. For 
such cases glasses are employed composed of two bisected lenses which meet 
along a horizontal plane. The upper half is designed for distant, the lower for 
near vision, since in looking near by the visual plane is somewhat depressed. 
From their inventor,* who also was the first to use them, such glasses are called 
Franklin glasses. Instead of joining two separate glasses together we may also 
order the same glass ground, so as to have a different curvature in its upper half 
from that which it has in its lower (bifocal lenses). 

The only advantage that glasses made of rock-crystal, which are much 
dearer than those ground from glass, have over the latter is that on account of 
their superior hardness they are less readily scratched—an advantage, however, 
which is of consequence only in convex lenses. 


* (Benjamin Franklin.—D.] 


CHAPTER II. 
OPTICAL PROPERTIES OF THE NORMAL EYE. 


(a) Refraction. 


138. By the refraction of the eye we mean the state of its refraction 
in the state of rest—i. e., in the absence of any accommodative effort. 
The refraction of the normal eye is so constituted that parallel rays 
impinging upon the cornea are united so as to form a sharp image 
upon the retina. The retina, therefore, is situated at the principal 
focal distance of the dioptric apparatus of the eye, and thus constitutes 
its focal plane. Such a refractive condition is called emmetropia,* FE 
(Donders). 

In order to follow the passage of the rays through the refracting 
media of the eye we must know precisely the curvature of the refracting 
surfaces, their distance from each other, and the index of refraction of 
the individual refracting media. On the basis of these data we can by 
a complicated calculation find the path of the rays from one refracting 
surface to the other. To facilitate this calculation for practical pur- 
poses, Donders has devised a simplified schematic model, the reduced or 
schematic eye (Fig. 135). This has an axial length of 20 millimetres 
(fh 6) and consists of a single refracting substance, which has an index 
of refraction of 4, and the anterior surface of which (representing the 
anterior surface of the cornea) has a radius of curvature of 5 milli- 
metres. Hence, the center of curvature which coincides with the nodal 
point (&, Fig. 135) lies 5 millimetres behind the refracting surface and 
15 millimetres in front of the retina, which lies at the principal focal 
distance of the eye (20 millimetres). This schematic eye varies very 
essentially from the normal human eye, the principal focal distance of 
which (axial length) amounts to about 24 millimetres; but calculations 
in regard to the size of retinal images, of diffusion-circles, etc., which 
are made upon the basis of the schematic eye, give results which ap- 
proximate very closely to those found for the real eye. Hence, for 
practical purposes the schematic eye can without hesitation be made 
the basis of calculation. 

The calculation which the ophthalmic practitioner has most fre- 
quently to make concerns the size of the retinal image of a given ob- 
ject. To do this the size of the object and its distance from the eye 


* From éumetpos, in due measure, and &y, eye. 
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must be known. The retinal image of the object 00, is 60, (Fig. 135). 
The triangles 00, & and 60, & are similar ; hence, 60, : 00; = bk:okand 


bb, = a If we call the size of the image (4 6,) B, that of the ob- 
ject (00,) O, and the distance of the latter (04) from the eye 4, then 
poe. The size of the retinal image is therefore directly 


proportional to the size of the object and inversely proportional to 
the distance of the object from the eye. E. g., a rod 1 metre high 


Fig. 135.—ReEpucED (SCHEMATIC) EyE oF DONDERs. 


placed at a distance of 15 metres from the eye would give a retinal 

1,000 mm. X15 mm. 
15,000 mm. 

approximated to one third of the distance—i. e., 5 metres—would give 
: ; 1,000 mm.X15 mm. _, , 

a retinal image of —— = 3 mm., or three times as great 

5,000 mm. 5 

as before. This sort of calculation is often applied in order to dis- 

cover the size of a diseased area of the retina, corresponding to which 

is a scotoma in the visual field, whose size can be determined by exam- 

ination. The scotoma is then regarded as the object for which the size 

of the retinal image is calculated. 


image whose altitude 6 = =1mm. This rod, if 


(0) Visual Acuity. 


139. The smaller the objects that an eye can distinguish or the 
greater the distance at which it can distinguish an object of given size, 
the greater is the acuity of vision that it possesses. Suppose, for in- 
stance, that the eye is able just to distinguish the object ad (Fig. 136) 
at the distance ak. Another, better eye still distinguishes the object 
when it is carried twice as far off, to the distance a,k. The size of the 
retinal image a f, is in this case reduced to half of that in the former 
(a 8)—that is, the visual acuity of the second eye is twice as great as 
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that of the first. Instead of carrying the object a} twice as far off, we 
may leave it at the same spot but make it half as small (@6,). In this 
case, too, the size of the retinal image would be reduced one half. In 
both cases, therefore, a retinal image of the same size is obtained, and 
that, moreover, because the angle v remains the same. This angle is 
subtended by the rays which pass from the terminal points of the ob- 
ject through the nodal point of the eye to the retina. It is called the 
visual angle (angulus visorius), and is the true measure of the visual 
acuity. For estimating the visual acuity—i. e., the least visual angle— 
there are from the above example two ways open to us, both of which 
are made use of. We may take an object of given size and carry it off 
with us from the eye until the farthest point at which it can be recog- 
nized is reached. This, for instance, is done when we try to find at 
what distance an eye is able to count the fingers when extended. The 
second way consists in conducting the test at a constant distance, ob- 
jects of different size being presented to the eye and the attempt being 


Fic. 136.—RELATION oF THE VISUAL ANGLE WHEN OBJECTS VARY IN SIZE AND DISTANCE. 


made to find the minimum size which the object can have and still be 
recognized. This method is employed when we test the visual acuity 
with test-types. 

What objects are best adapted for testing the viswal acuity? A 
single dot, the distance of which from the eye is altered, is unsuitable 
because the visibility of a dot depends less upon the visual angle which 
it subtends than upon its luminosity. The fixed stars, radiant as they 
are, are nothing but mathematical points even when seen with the most 
powerful telescopes; they have, therefore, a visual angle equal to zero, 
and yet they are seen very clearly. Every one can recall having seen a 
cross upon the top of a church-spire, when sparkling in the luster of 
the setting sun, at distances at which the church-spire itself was scarcely 
distinguishable. For this reason we select for the test not one but two 
points (or two parallel lines) and then determine the greatest distance 
at which they can still be perceived as separate objects. From this can 
be readily calculated the minimum visual angle, which fora normal eye 
amounts to about 1’ (Volkmann). On the basis of this determination 
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Snellen has constructed his test-types. These consist of letters of vary- 
ing size arranged in rows. Each row contains letters of the same size, 
and has a number inscribed over it. This number gives the distance 
in metres at which the separate letters of the row ought to be distin- 
guished by a normal eye. For example, the letter / (Fig. 137) has 
been taken from the row with the superscription 12, and ought, there- 
fore, to be read at a distance of 12 metres. Like all the other letters 
of the test-card, it is inscribed within a square, whose 
N?2 12 sides are divided by partition lines into 5 parts each. 
The dimensions are so chosen that the whole square 
appears under an angle of 5’ at the given distance 
(12 metres in the example selected). Each partial 
square is hence seen under an angle of 1’, which is 
||; the minimum visual angle for the normal eye. But 
Fie. 137A Lerrer the details of the letter, upon the recognition of which 
FROM SNELLEN'S the ability to decipher the whole letter depends, cor- 
respond to the size of the partial squares. A normal 
eye will, therefore, distinguish Snellen’s test-types at the distances 
given above the separate rows. It will see the letter #’ (Fig. 137) at 
12 metres and its visual acuity S*=418=1. As a general thing, 
however, we make the person under examination stand always at the 
same distance from the card—namely, 6 metres. If at this distance he 
distinguishes the lowermost row which has 6 written over it, he has 
S=£=1; but if, for instance, he distinguishes only the uppermost 
letters, No. 60, S = 78; = py. Hence, S always = %, in which d is the 
distance at which the reading is done, and D the number of the row 
read. 

The testing of vision near by is made with small print, namely, with 
the low numbers of Jager’s or Snellen’s test-types. In doing this, we 
try to determine two distinct things—namely, what is the smallest- 
sized print that can be read, and what is the least and the greatest dis- 
tance at which it is legible. It is evident from Fig. 136 that, the 
nearer the object approaches the eye, the larger do its retinal images 
become. If the object, a, 0, is brought down to one half the distance 
—i.e., to a b—its retinal image is made twice as large. Hence, the 
smaller the objects are, the nearer we hold them to the eye. Very 
myopic eyes often have defective visual acuity, and yet pass among the 
laity as being excellent, because they can distinguish extremely minute 
objects. But the only reason for this is that they are able to hold 
objects extremely close. Persons with diminished visual acuity like to 
bring objects up extremely close, so as to get quite large retinal images 
from them, and in this way make up for what the images lack in dis- 


* [|S = Sehschirfe, visual acuity. In this country V (= vision, or the Latin visus) 
is usually employed.—D.] 
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tinctness or the retina lacks in sensitiveness. Such persons are often 
wrongly regarded as very myopic. 

When the visual acuity has become so reduced that the largest let- 
ters of Snellen’s test-card;can no longer be recognized at 6 metres, the 
patient must go up nearer to it, or we select, instead of the letters, ob- 
jects that are easier to distinguish—e. g., the outspread fingers, and try 
to find at what distance they can be counted. When the visual acuity 
is still worse, nothing can be distinguished but the movements of the 
hand before the eye. When even this is no longer the case, so that the 
eye simply distinguishes light from darkness, we say that qualitative 
vision is lost and that only quantitative vision—i. e., mere perception 
of light * is present. 


Arlt, in 1844, was the first to introduce letters of different size (measured in 
lines) as a standard for determining the visual acuity. Ten years later Jager 
published his scale of types, which soon acquired general acceptance, and which 
even at the present time is frequently employed. Practically these are very use- 
ful, since they present a great number of successive grades in the size of the 
letters; but they are not arranged upon any scientific principle. This defect 
Snellen has supplied by his test-types, which at present are the ones most 
extensively employed. Snellen has based them upon the assumption that 
the minimum visual angle for a sound eye amounts to 1’, so that No. 6 of the 
test-types, the details of which appear under an angle of 1’, can still just be 
read at this distance. He has, therefore, assumed S = & as the normal visual 
acuity. But we are not to suppose that this is absolutely the greatest visual 
acuity that there is. Most eyes in young persons see No. 6 at a greater dis- 
tance, as far as 12 metres or even farther, so that they may possibly have S = 1? 
= 2,ormore. S= § is accordingly to be looked upon simply as the minimum 
to be required of a normal eye; if the visual acuity sinks below this minimum, 
the eye is no longer to be considered as perfectly normal. The eyes of very 
aged persons are an exception, as such people even without any disease often 
show a visual acuity less than §. The cause of this lies mainly in the lessened 
transparency of the refracting media at an advanced age, and more particularly 
in the very dark-colored nucleus of the lens. 

In order that persons who have a vision S > £ may not have to go beyond 
a distance of 6 metres, Snellen’s cards are provided with still smaller letters— 
namely, with the numbers from 5 to 2. These, moreover, can be used for those 
cases in which the physician does not have a room 6 metres in length, but has 
at his command one of, say, only 5 or 4 metres. For persons who can not read, 
there are cards with curved and angular figures. 

The illumination must be considered in making the tests for vision. Arti- 
ficial illumination is the best one for the letter-card, because this can always be 
made of the same strength, while the illumination produced by daylight varies 
according to the weather and the hour of the day. Ona dark day we must 
make our own visual power the basis of estimation in determining the results 
obtained with the patient. If a physician, who with good illumination has 
S = &, sees on a cloudy day only § (#), the visual acuity of the patient found 
upon the same day must also be increased by one third. 


* For the method of testing this, see § 156. 
39 
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The visual acuity as determined by Snellen’s card is usually given without 
reducing the fractions: thus we write S = ,5 or S= +4, not S=7, or}. This 
is done with the object of showing by the fraction in what way the visual acuity 
has been obtained—i. e.,. what number was read and at what distance this was 
done. 

To know the absolute visual acuity of an eye we must test it in a condition 
of emmetropic refraction and with the accommodation completely relaxed. For 
the latter purpose the eye should be made to look at infinite distance. Since 
this can not be carried out in practice, we satisfy ourselves with hanging Snel- 
len’s card at a distance of 6 metres from the patient whom we are examining. 
The rays impinging upon the eye from this distance subtend such a small angle 
that for practical purposes they may be regarded as parallel—i. e., as coming 
from infinite distance. If the eye under examination is not emmetropic but has 
an error of refraction, it must first be corrected by glasses up to the point of 
emmetropia (#). The visual acuity, which an ametropic eye shows without 
glasses is its relative visual acuity, and furnishes no measure whatever of the 
general usefulness of the eye for vision. 


(c) Accommodation. 


140. Suppose that we hold an open book at a distance of about 40 
centimetres from one eye and the point of a pencil at about half this 
distance between the book and the eye, the other eye in the mean time 
being kept closed. We can soon convince ourselves that the print of 
the book and the point of the pencil are never seen clearly at the same 
time. All that we can do is to see either the print or the point dis- 
tinctly, ‘and it takes some time to “focus” from one object to the 
other, and in doing this a change is felt to take place in the eye. This 


Fig. 138. 


The eye being focused for a certain distance, B, rays emanating from a nearer point, S, form a 
diffusion-circle upon the retina. 

change is the accommodation, which is alternately thrown into a state 
of tension and relaxation, by which means the optical adjustment of 
the eye is altered. 

Why is it that, when we have our gaze fixed upon the print, we do 
not see the point of the pencil before us distinctly? Because we see it 
in diffusion-circles. What does this mean? If the eye (Fig. 138) is 
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focused for the rays emanating from the book; B, they are united upon 
the retina at ). The rays coming from the point of the pencil (S), 
which is nearer, have a greater divergence, and hence if the condition 
of the refracting media remains the same, are rendered somewhat less 
convergent by the latter; they would therefore unite at s—that is, be- 
hind the retina. As a matter of fact, the cone which they form has its 
apex truncated by the retina. The section thus made, which repre- 
sents the image upon the retina of the point s, is circular because the 
base of the cone—namely, the pupil—is circular; hence, we say that 
the point S appears upon the retina under the guise of a diffusion- 
circle. That vision should be rendered indistinct by the diffusion- 
circles is easy to understand. Suppose that there are two points so far 
distant from each other and 
from the eye that when the 
latter is accurately focused 
they appear as two sepa- 
rate punctate images upon 
the retina (Fig. 139 <A); 
the points are then readily 
recognized as two. But if, 
in consequence of the eye’s 
being incorrectly focused 
for the position of either 
point, a diffusion-circle is Fig. 139.—D1FFUSION-CIRCLES. 

formed upon the retina, the 

two circles, provided they are but a short distance from each other, 
partly overlap (Fig. 139 B), and the eye imagines that it has before it 
only one elongated point. A line (Fig. 139 C’), when seen in diffusion- 
circles, does not look distinct, but appears broadened and hazy; for we 
may conceive a line to be composed of an infinite number of points 
placed side by side, and if each one of these is seen as a diffusion-circle, 
and the circles to a great extent overlap (), the narrow line is con- 
verted into a broad band (/’). 

Vision, then, is always in diffusion-circles when the eye is not prop- 
erly focused for the object of fixation. This may occur not only 
through improper accommodation, as in the example selected, but also 
on account of faulty refraction, such as myopia or hypermetropia. All 
indistinct vision which is caused hy an anomaly of refraction or accom- 
modation is produced by diffusion-circles. The larger the diffusion- 
circles are, the more indistinct is the vision. We must, therefore, in- 
quire upon what the size of the diffusion-circles depends : 

1. The diffusion-circles are larger in proportion to the remoteness 
from the retina of the focus of the rays emanating from the object. Sup- 
pose (in the instance above adduced) that the eye is focused for the book, 
so that the point of the pencil (S, Fig. 140) appears in diffusion-circles. 
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If, now, a second object, P, is brought between the book and the eye 
and nearer to the latter than S is, the adjustment of the eye for this 
object will vary more widely even than in the case of S from the con- 
dition requisite for distinct vision—that is, the rays will intersect still 


Fia. 140,—VaryIne Size OF THE DIFFUSION-CIRCLES ACCORDING TO THE DISTANCE FROM THE 
RETINA OF THE Focus OF THE Rays. 


farther behind the retina at p, and the diffusion-circles will be cor- 
respondingly larger. We may therefore say, the more faulty the ad- 
justment the more remote from the retina is the point of union of 
the rays; hence, the further from the apex of the cone of rays is the 
intersection of this cone by the retina, and consequently the greater is 
the size of this intersection—namely, the diffusion-circle. 

Another factor which influences the size of the diffusion-circle is— 

2. The width of the pupil. The pupil forms the base of the cone 
of rays; the smaller it is the smaller will be the section of the cone, 
supposing the distance of this section from the apex to remain the 
same. If the pupil (Fig. 141) contracts from the size aa to the size d 0, 


Fie. 141.—Varyina S1zk OF THE DIFFUSION-CIRCLES WITH VARYING WIDTH OF THE PUPIL. 


the diffusion-circle of a point P will be at the same time reduced from 
a, a, to b,. When one of two equally near-sighted persons sees better at 
a distance with the naked eye than the other does, it is owing to the 
fact that the former has narrower pupils. Short-sighted persons often 
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believe that they become less near-sighted with increasing years because 
they see better at a distance; but this is often simply due to the cir- 
cumstance that their pupils diminish in size with age. Far-sighted 
persons who are compelled to read close to them without convex glasses 
try to get as brilliant an illumination as possible, so that their pupils 
may become very greatly contracted and thus diminish the size of the 
diffusion-circles. The same object is secured to a still greater extent 
by placing a fine stenopzic aperture before the eye. This allows only 
a very narrow beam of rays to pass, and reduces the diffusion-circles so 
greatly that they no longer exert a disturbing effect. If we repeat the 
experiment made above of attempting to look simultaneously at the 
book and the pencil-point, and while we are doing it hold a minute 
aperture before the eye, we see the print and the pencil-point distinctly 
at the same time. By means of a stenopxic aperture myopic persons 
can see distinctly at a distance even without concave glasses. 

The pupil, being the base of the cone of light, determines not only 
the size but also the shape of the diffusion-circle, which accurately 
mirrors the shape of the pupil. In this way it happens that persons 
with irregular pupils (owing, for example, to posterior synechiz) are 
very well able themselves to perceive these irregularities. 

In making the above experiment with the pencil and book, we feel 
that the eye is called upon to make an active effort when it is directed 
by a process of adjustment from the more distant book to the less dis- 
tant pencil. In the same way, although not quite so distinctly, we feel 
a relaxation of this effort when adjustment is made for the book again. 
It may be concluded from this that the change of adjustment from a 
more distant to a less distant point is an active process—i. e., a muscu- 
lar effort. On the other hand, the relaxation of the accommodation 
by which the eye is again adjusted for a greater distance consists in a 
relaxation of the contracted muscle. When in a state of perfect rest, 
the emmetropic eye is adjusted for infinite distance. This condition 
of adjustment we find existing when the ciliary muscle is completely 
relaxed either, naturally from paralysis of the oculomotor nerve, or arti- 
ficially from the use of atropine. 

The mechanism of accommodation was determined, once for all, by 
the investigations of Helmholtz. It depends upon the elasticity of the 
lens, owing to which. the latter always tends to approximate to the 
shape of a sphere. In the living eye the lens is inclosed in a capsule 
which is attached to the ciliary body by the fibers of the zonula of 
Zinn. ‘These fibers are tightly stretched, and hence exert a uniform 
traction from ali sides upon the capsule, so that the latter and the lens 
as well are flattened. The elasticity of the latter can only make itself 
apparent when the tension of the fibers of the zonula, and hence, too, 
of the capsule of the lens, is relaxed. This takes place most completely 
after division of the fibers of the zonula. When we remove the lens 


614. ANOMALIES OF REFRACTION AND ACCOMMODATION. 

from the eye of a young person, we see it assume a spherical shape im- 
mediately upon the division of its connections. The same thing is 
observed in traumatic luxation of the lens into the anterior chamber. 
In the act of accommodation, the relaxation of the zonula is effected 
by the contraction of the ciliary muscle. It is the annular layer of 
fibers of the latter (Miiller’s portion; see Mu, Fig. 47) that is mainly 
of account in accomplishing this. When this fiber-layer contracts, it 
lessens the size of the circle formed by the ciliary processes by approxi- 
mating their apices to the border of the lens (shown by the black line 
in Fig. 142). In this way the space between the ciliary body and lens, 
which is bridged over by the fibers of the zonula, is contracted and the 
zonular fibers themselves are relaxed. It is the task of longitudinal 
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Fie. 142.—ScHEMATIC REPRESENTATION OF THE PROCESS OF ACCOMMODATION. 


The relation of the parts when the accommodation is at rest is designated by the shaded por- 
tions, and the relation when there is an effort of accommodation by the black line. The 
latter shows the ciliary processes and also the equator of the lens pushed toward the axis of 
the eye. Both surfaces of the lens are more curved and the anterior surface is pushed for- 
ward. The iris is broader, and at its pupillary border is displaced forward; at its ciliary 
border backward. 


fibers of the ciliary muscle (Briicke’s portion; M, Fig. 47) to reinforce 
the action of the circular fibers. The former have their anterior, fixed 
insertion in the corneo-scleral margin, while their posterior extremity 
loses itself in the movable chorioid. By the contraction of these fibers 
the flat portion of the ciliary body and the most anterior portion of the 
chorioid are drawn forward, and thus the relaxation of the fibers of the 
zonula which lie upon the surface of these structures is facilitated ; 
but the main part of the work of accommodation always falls upon the 
annular fibers of the ciliary muscle, for which reason we find these 
fibers particularly well developed in eyes which have to accommodate a 
good deal—e. g., those of hypermetropes (see Fig. 153). 
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By the relaxation of the zonula the tension of the lens-capsule is 
diminished, so that the lens is enabled in conformity with its elasticity 
to assume a more curved shape. At the same time there is necessarily 
produced a corresponding decrease in the equatorial diameter of the 
lens. The equator of the lens, accordingly, recedes inward toward the 
axis of the eye, and is thus kept from coming into contact with the 
ciliary processes as they advance. 

The increase in curvature affects both the anterior and the posterior 
surfaces of the lens, but the former.to a much higher degree (Fig. 142). 
The posterior surface of the lens does not change its place in the fossa 
patelliformis of the vitreous, the increase in thickness of the lens being 
effected simply by the advancement of its anterior surface. Hence, the 
anterior chamber becomes correspondingly shallower; at the periphery 
alone is there a deepening of the chamber, inasmuch as here the iris 
recedes a little. The sphincter pupille and, if vision is performed 
with both eyes, the two internal recti also, contract in conjunction with 
the ciliary muscle. The act of accommodation, accordingly, is regu- 
larly accompanied by a contraction of the pupils and a movement of 
convergence. 

141. Measurement of the Accommodation.—In order to measure the 
magnitude of accommodation we must determine two points. One of 
these is the remotest point which the eye can see with distinctness— 
1. e., the point for which the eye is focused when the accommodation 
is completely relaxed (far-point, or punctum remotum; Ff). The 
second is the nearest point which the eye can see with distinctness 
when exerting its entire accommodation (near-point, or punctum proxi- 
mums 7). 

In the emmetropic eye, with which alone we shall for the present 
concern ourselves, /# lies at an infinite distance, since the emmetropic 
eye when in the state of rest is focused for parallel rays. Such an eye, 
accordingly, can see the letters of Snellen’s card distinctly when the 
latter is hung up ata distance of 6 metres, which in practice is regarded 
as infinitely great. 

While the position of ? is the same for all emmetropic eyes, that of 
P varies greatly. It is determined by bringing fine print closer and 
closer to the eye until the limit of legibility has been reached. Sup- 
pose, for example, this occurs at 10 centimetres (? = 10 centimetres). 
The space lying between Rk and P—i. e., in the example selected the 
space between © and 10 centimetres—is called the region of accommoda- 
tion. But the extent of this region affords no measure for the amount 
of work done by accommodation ; this, in fact, being measured by the 
increase of refractive power which the eye undergoes in passing from 
the state in which the accommodation is at rest (2) to the state in 
which the utmost effort of accommodation is made (P?). The amount 
of increase of refractive power is called amplitude of accommodation 
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(A), and is accordingly the difference between the refractive power of 
the eye when the accommodation is exerted to its utmost and when it 
is at rest—i.e., A= P— FR. For # and P in this equation should be 
substituted, not their linear values, but the number of dioptres; these 
being, in fact, our measure of the refracting power. 


The method of determining the amplitude of accommodation requires some 
explanation which is best given by concrete examples. Let us assume the three 
following cases represented graphically in Fig. 143: 1. An emmetrope twenty 
years of age, whose far-point lies at an infinite distance and near-point at 10 
centimetres from the eye; 2. An emmetrope thirty-seven years of age, whose 
R= o and P= 20 centimetres; and lastly, 8. A myope twenty years of age, 
whose & = 10 centimetres and P= 5 centimetres. The region of accommoda- 
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Fie. 143.—REGION OF ACCOMMODATION, 


1. In an emmetrope of twenty years; 2. an emmetrope of thirty-seven years ; 3. a myope of 
twenty years. 


tion—i. e., the space lying between R and P—is of a very different extent in 
these three cases. In cases one and two it is infinitely large, since it extends 
to an infinite distance, while in case three it amounts to only 5 centimetres. If, 
therefore, we were to reckon the work done in accommodation by the extent of 
the region of accommodation, we would arrive at the erroneous view that, with 
regard to the former as well as the latter, there is an enormous difference be- 
tween the first two cases om the one hand and the third case upon the other. 
But, as a matter of fact, the case is quite different, as can be gathered from 
the experimental test of the accommodation adduced above. Suppose that 
while we close one eye we hold before the other a book at a distance of 20 
centimetres, and a pencil-point midway between the book and the eye—i.e., at 
a distance of 10 centimetres from the latter. We then first look out into space 
over the book, so that the accommodation is completely relaxed, and then fix 
our gaze upon the print of the book. In so doing, we have a sense of accom- 
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modative effort in the eye. We now turn our glance from the book to the 
pencil-point, and endeavor to see the latter distinctly. If this is possible at all, 
it costs us a very considerable effort which will tax the energies of most persons 
more than does the effort required to adjust the eye from infinite distance to 
the book. Hence, the act of changing the accommodation from 20 centimetres 
to 10 centimetres costs us at least as much effort as the change from infinity to 
20 centimetres. From this it is clear that we are not justified in taking the 
linear distance between the points of fixation as a measure of the accommo- 
dative effort, and that, therefore, the region of accommodation can not serve as 
an expression of the work done in accommodation. 

We get a correct idea of the amount of accommodation that is called into 
play if we take into consideration the increase produced in the refractivity of 
the eye by the accommodation. This increase of refractivity is effected by an 
increase in the curvature of the lens, a thing which we can also conceive of as 
accomplished by the addition to the unchanged lens of a second, weaker convex 
lens. This ‘‘supplementary” crystalline lens (z, Fig. 144), represents the in- 
crease in refractivity, and would form the best measure of the accommodation. 
Now, of course, we can not determine the refractive power of this supplement- 
tary lens directly, but we can determine what glass placed before the cornea of 


Fic. 144.—AccOMMODATION REPRESENTED SCHEMATICALLY BY A ‘‘ SUPPLEMENTAL’? CRYSTALLING 
LENS, Z. 


the eye would produce the same increase of refractive power as would such a 
supplementary lens, conceived to exist in the eye. What proceeding to adopt 
in doing this may be shown by case one of those assumed above (Fig. 143). In 
this, when the accommodation is making its utmost effort, the refractivity of 
the eye is increased by the supplementary lens to such an extent that rays em- 
anating from P—that is, from a distance of 10 centimetres from the eye—are 
united upon the retina (Fig. 144). We now paralyze the accommodation in 
this eye with atropine, so that the eye remains steadily focused for infinite dis- 
tance, and try to find the convex glass with which the eye is enabled to see 
the point, P, distinctly. We find that for this purpose a glass, L, of a focal 
distance of 10 centimetres = one of 10 D is necessary (Fig. 145.) If this glass is 
placed in front of the eye—i. e., 10 centimetres behind the point P—the latter 
will lie just in the principal focus of the glass.* The rays (pp, Fig. 145) ema- 


* Properly, if we take into account the distance of the lens from the eye, we 
should have to choose a lens of shorter focal distance—e. g., when the distance be- 
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nating from P are hence made parallel by the glass, and being so, are united by 
the non-accommodating eye upon its retina. The lens ZL, therefore, does the 
same work as the natural accommodation (represented by the supplementary 
crystalline lens, z), and can accordingly be taken as the measure of the latter. 
Accommodation measured in this way we call amplitude [or range] of accommo- 
dation. This, therefore, would be in the first case A=10D. In the second 
case (Fig. 143, 2) as may be shown in the same way, A=5D. Hence, in the 
emmetropic eye, A is expressed by the lens whose focal distance equals the 
distance of the near-point from the eye; or, A= P, when P is expressed in 
dioptres. 

What relation does A bear in the third case (Fig. 143, 3)? Here P is situ- 
ated at 5 centimetres, and hence P= 20D. But this value can not be regarded 
as the expression of the work done in accommodation, since the eye in question 
being short-sighted, is, even when the accommodation is at rest, adjusted for a 
distance less than infinity—i. ¢., for 10 centimetres. This eye, when its accom- 
modation is at rest, acts like a non-accommodating emmetropic eye before which 
has been placed a lens of 10D (Fig. 145); for this eye, therefore, we can say 


Fig. 145.—THE ACCOMMODATION REPLACED BY A LENS OF GuLass, L, SET BEFORE THE EYE. 


R=10D. But, when making its utmost accommodative effort, this eye acts 
like a non-accommodative emmetropic eye before which has been placed a glass 
of 20 D. Obviously, in order to determine the work done in accommodation— 
i. e., the increase in refractivity in passing from R to P—we must subtract from 
the value corresponding to P the value of R, or A = 20D—10D= 10D. 
Hence, we may enunciate the following formula as representing the general law: 
A — Pi — FR, 

in which P and # are expressed in dioptres. This formula holds good for all 
conditions of the refraction. For the emmetropic eye it is simplified by the 
fact that the latter, when the accommodation is at rest, is adjusted for infinite 
distance, so that & = OD, and consequently A = P, as we found above. 

Let us take another survey of the three cases, and compare the region of 
accommodation with the range of accommodation. We find that the former is 
infinitely large in the first two cases, and only 5 centimetres in the third case. 
Now, A in the first case is 10 D, in the second only half as great—i. e., 5 D— 
and in the third case again is as great as in the first. Accordingly, from the 


tween the lens and the nodal point of the eye amounts to 1 centimetre, one of 9 
centimetres, 
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range of accommodation we get an entirely different and in fact a more correct 
conception of the work done in the accommodative act than we do from the 
region of accommodation. This is owing to the fact that different portions of 
the region of accommodation represent entirely different values. It takes as 
much accommodative effort to bring the accommodation from 10 centimetres to 
5 centimetres (case three) as to accommodate from infinity to 10 centimetres 
(case one): the value in both cases being 10D. This fact is in harmony with 
the sensations that we experience in our eyes when, in the experiment previ- 
ously adduced, we look successively at infinite distance, at the book, and finally 
at the pencil-point. Displacement of the accommodation through 1 centimetre 
of the region of accommodation is significant of an effort which is the greater, 
the nearer this centimetre is situated to the eye. 

The region of accommodation, however, gives us a good idea of the avail- 
ability of accommodation. In case one the region of accommodation is so situ- 
ated that the eye sees clearly at all distances which can be considered to exist 
in practical life. But in case three the region of accommodation lies so close to 
the eye that practically it has no value whatever; this eye would be no worse 
off without accommodation. (This, of course, holds good only upon the sup- 
position that correcting glasses are not worn, as by these the location of the 
region of accommodation is shifted.) 

PRACTICAL DETERMINATION OF & AND P.—Since the refraction of the eye as 
commonly determined, is its refractivity when the accommodation is at rest— 
i. e., when the eye is focused for the far-point—the determination of the re- 
fraction and of the far-point are synonymous; if the latter has been got at, the 
refraction is determined as well. Emmetropia is present when £ lies at infinity. 
How do we ascertain whether this is the case or not? Primarily by the fact that 
such an eye can read No. 6 of Snellen’s test-types at 6 metres (a distance which 
is regarded as equivalent to infinity). In this case the condition in which R is 
nearer than infinity (myopia) is excluded by the test, because then No. 6 could 
not be seen distinctly enough to be read. On the other hand, hypermetropia is 
not excluded, since this can be so far corrected by an effort of accommodation 
that the eye is focused for infinite distance (see § 147). But in this case No, 6 
would also be seen distinctly with convex glasses—a thing which would not be 
possible for an emmetropic eye. Hence we must say: Emmetropia is present— 
i. e., 2 = x» —when Snellen’s No. 6 is read at a distance of 6 metres with the 
naked eye, but not with the weakest convex glass. 

P is determined by the lowest numbers of the reading tests, but the rod- 
optometer may also be employed. This latter consists of fine threads which 
are stretched in a metal frame, and which are brought closer and closer to the 
eye until they cease to appear perfectly distinct. 

When P has receded to such a distance from the eye that small objects like 
fine print.or the threads of the rod-optometer appear under too minute an angle, 
and hence can not be seen distinctly at all, the following expedient is adopted: 
We place before the eye a convex glass—e. g., one of 6 D, by which near vision 
is rendered distinct—and then determine the near-point. This is found to be, 
say, 16 centimetres. The refraction corresponding to this distance is 6:5 D, from 
which, in order to learn the actual near-point, we must subtract the 6D sup- 
plied by the lens. Thus P= 65D —6D=0°5 D = 50 centimetres. 

ReLative AccoMMODATION.—In the course of our considerations in regard 
to the accommodation hitherto, we have started from the assumption that vision 
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is performed with only one eye. When the two eyes are employed simultane- 
ously the convergence as well as the accommodation must be taken into ac- 


count. These two functions go hand in hand 


Fie, 146.—ScHEMATIC REPRESENTATION OF RELATIVE 
ACCOMMODATION. 


When our gaze is fixed upon 
the distance, A = o, and the 
visual axes are parallel—i. e., 
the convergence, too, is in a 
state of rest. When we look 
at a near-point—e. g., one situ- 
ated at a distance of 20 centi- 
metres—we are compelled both 
to accommodate and to con- 
verge for this distance. Hence, 
through constant practice an 
intimate connection is effected 
between accommodation and 
convergence, so that with any 
given accommodation the cor- 
responding effort of converg- 
ence is always made, and vice 
versa. 


This connection, however, 
is not one that is rigid and in- 
susceptible of change. On the 
contrary, we have the ability of 
emancipating ourselves from it 
within certain limits—that is, 
while in the act of converging 
for a certain distance, of making 
a little more or a little less ac- 
commodation than corresponds 
to this distance. A manis made 
to fix his gaze upon fine print 
at a distance of 33 centimetres. 
Now, suppose that the subject 
is emmetropic and thus has his 
far-point (#) at infinity while 
P is situated at 10 centimetres, 
which corresponds to a range 
of accommodation (A) of 10D 
(Fig. 146). Of this range of 
accommodation 3D) will be em- 
ployed in making convergence 
at 33 centimetres (100 +33 =8). 
Now, a concave glass of 1D is 
placed before each eye. The 
subject will for the first moment 
have obscuration of vision, but 


will soon see distinctly. He has compensated for the diminution of the re- 
fractive power of his eye, caused by the —1 JD glass, by exerting 1D more of 
his accommodation. But the convergence meanwhile remains unchanged— 
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i. e., it is still adjusted for 33 centimetres. The same phenomenon occurs 
when, instead of —1D, a glass of +1D is placed before the eye. The re- 
fractive power of the eye is made too great by the convex glass, and this is 
neutralized by the eye’s relaxing its accommodation through 1D. In this way 
we can bring stronger and stronger glasses successively before the eye until 
finally we come to those with which distinct vision is no longer possible. We 
thus find the limits (relative accommodation) within which the accommodation 
may be augmented or relaxed, the convergence remaining the same. 

In the example selected, suppose that the subject is able to see distinctly at 
a distance of 33 centimetres with a convex glass of 2.D. This corresponds to a 
relaxation of his accommodation from 3 D to 1 D—that is, his relative far- 
point, /:, lies at a distance equivalent to 1 D, or 1 metre, from the eye. Sup- 
pose that, on the other hand, the subject with the same degree of convergence 
overcomes concave glasses of 3 D, a thing which is effected by an augmentation 
of the accommodation from 3 to 6 D, his relative near-point, P,, then is at a 
distance equivalent to 6 D=17 centimetres. The relative range of accommo- 
dation 4; = P, —#i =6 D—1D=5 D. This is the relative range of accom- 
modation for a convergence of 38 centimetres; for a different convergence the 
relative near-point, far-point, and range would be different still. On the other 
hand, there is only one absolute far-point, near-point, and range of accommo- 
dation. 

The region of relative accommodation is divided by the point upon which 
convergence is made into two segments. One lies upon the proximal side of 
the point of fixation, and thus in the example selected extends from 8 to 6 D. 
It represents the amount of accommodation which, if necessary, one can still 
press into service while keeping the convergence the same—i. e., it represents 
the amount of accommodation which one may be said to have in reserve. It is 
hence denoted as the positive portion (+, Fig. 146) of the relative range of ac- 
commodation. The other segment lies on the distal side of the point of fixa- 
tion, and in our case extends from 3 to 1D. It is that part of the relative 
accommodation which has already been employed in maintaining the given de- 
gree of convergence—i. e., it is its negative portion (—, Fig. 146). Hence, 
with a convergence of 33 centimetres the positive portion of the relative accom- 
modation amounts to 3 D, the negative portion only to 2 D. Upon the relation 
of the two segments to one another depends the ability of the eye to work con- 
tinuously and without exhaustion while keeping up the necessary convergence 
and accommodation. A man is able to make frequent successive repetitions of 
a bodily effort only when this effort does not lie near the limits of his working 
capacity. If, for example, one has to set in motion the wheel of some machine 
which moves with such difficulty that he is able to make it revolve only by the 
exertion of his whole strength, he will possibly be able to do this two or three 
times in succession, but then will become exhausted. If a laborer is to keep 
the wheel in motion for an hour, each revolution of it must not take more than 
a moderate portion of his entire strength, so that another portion of his strength 
shall remain in reserve. This fact also holds good for the eyes. It is impossi- 
ble to use them continuously except for a distance at which the positive portion 
of the accommodation is at least as great as the negative portion, otherwise ex- 
haustion rapidly supervenes. 

When the gaze is fixed upon infinite distance, the negative portion of A, is 
equal to zero, since then the accommodation is completely relaxed. Al! the 


622 ANOMALIES OF REFRACTION AND ACCOMMODATION. 
relative accommodation therefore is positive, and accordingly exhaustion of the 
eyes is impossible. Thus, no one will complain that his eyes get tired from 
walking. For a convergence of 33 centimetres, it has been shown above that 
the positive portion of the relative accommodation (A,) is half as large again as 
the negative portion, for which reason work can be carried on continuously at 
this distance without exhaustion. When fixation is made upon an object situ- 
ated at the absolute near-point of the eye, the entire relative accommodation 
(41) is negative. A positive or reserve portion of accommodation does not exist 
in this case, since the whole absolute accommodation (A) has been already used 
up. Hence we can have distinct vision at our near-point for only a moment or 
two at atime. From what has been said, it follows that work is more exhaust- 
ing for the eyes the nearer it has to be brought to them. 


CHANGES OF THE ACCOMMODATION WITH AGE. 


142. 2. The accommodation diminishes with age, and this diminu- 
tion is manifested by a continuous recession of the near-point. The 
diminution in the accommodation can not be referred to the decrease 
in the power of the muscles in general and the ciliary muscle in par- 
ticular occurring in old age, for it begins in youth, and probably even 
in childhood—that is, at the time when the muscles are still gaining in 
strength. In fact, the cause of the diminution of the accommodation 
lies in the gradual decrease of the elasticity of the lens. This, again, 
stands in causal connection with the condensation of the lens due to 
loss of water and leading to a process of sclerosis that begins in the 
center of the lens (formation of a nucleus). The harder the lens be- 
comes in virtue of this process the more its elasticity is impaired, so 
that even after relaxation of the zonula it becomes less and less able to 
change its shape. 

The state of the accommodation at different ages is shown in the 
accompanying figure (147) taken from Donders. The line r 7 shows 
the position of the far-point, the line p p that of the near-point, for all 
ages from ten to eighty ; the distance between the two lines gives the 
range of accommodation in dioptres at the different ages. he far- 
point remains pretty nearly constant during the whole life—i. e., at 
infinite distance ; but the near-point continually recedes, so that the 
line p p forms a curve which constantly approaches the line for the far- 
point, until finally it coincides with it. When this occurs the range of 
accommodation is equal to zero, and the lens no longer changes its 
shape. 

The diminution in the range of accommodation does not begin to 
be troublesome until the near-point has receded so far from the eye 
that the finer kinds of work become difficult or impossible to do. This 
condition is known as presbyopia.* Since the diminution in the ac- 
commodation takes place with perfect uniformity from youth to age, 


* From mpéoBus, old man, and #y, sight. 


OPTICAL PROPERTIES OF THE NORMAL EYE. 623 


and not by sudden advances, the point of time when presbyopia sets in 
must be established arbitrarily. Donders has assumed this time to be 
that at which the near-point recedes beyond 22 centimetres (4 = 4:5 
D), an event which usually happens about the fortieth year of life. 
After this time it is hard work to read fine print, and hence glasses are 
desired. 

Presbyopia is not a disease, but a physiological process which every 
eye undergoes. Persons who are presbyopic push the book farther 
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Fic. 147.—Ranae or ACCOMMODATION AT DIFFERENT AGES. (AFTER DONDERS.) 


away from them, like to avoid fine print, and overlook the foot-notes. 
Reading at night gives them special trouble, because the pupils dilate 
owing to the enfeebled illumination, and hence the diffusion-circles are 
larger. They then try the expedient of bringing the light between the 
book and their eyes, so as to make their pupils contract by having a 
large amount of light fall upon them. In the subsequent progress of 
presbyopia reading or fine work at last becomes absolutely impossible 
without glasses. Pain, however, or exhaustion does not occur, as it 
does in hypermetropes. When an eye is not emmetropic, but has an 
error of refraction, this error shifts the range of accommodation, and 
hence also the time when presbyopia begins. Reference in regard to 
this point must be made to the chapters upon myopia and hyper- 
metropia. ’ 
Presbyopia requires the use of convex glasses for near work. dhe 
glass must be st-ong enough to make the near-point come into the 
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place which appears demanded by the work in question. The situation 
of this depends primarily upon the nature of the work; the finer this 
is, the closer must the near-point be approximated. But in addition to 
this the visual acuity must be taken into account. If the latter is de- 
fective, objects must be brought nearer, so as to make up in size what 
the retinal image lacks in distinctness. 


From the reasons set forth above it follows that it will not do simply to pre- 
scribe for each separate age the convex glass that ought to be ordered. On the 
contrary, we must proceed according to the individual requirements of each 
case by itself, and determine the glass for it specially. Suppose, for instance, 
that the subject is sixty years old, and that his near-point is one metre from the 
eye (A =1D). The man is a cabinet-maker, and in doing his work, which he 
carries on at arm’s-length—i. e., at about 50 centimetres—no longer sees dis- 
tinctly. His near-point, therefore, must be brought up to 50 centimetres 
(=2D). As he himself can furnish 1 D, it suffices to give him a 1+ D glass (or, 
better still, 1:5 D, so that he may not have to work at his near-point, but may 
have some accommodation in reserve). Perhaps the same man also wishes a 
glass to read with in the evening when his work is done. For this purpose we 
must bring his near-point up to at least 30 centimetres (3°5 D), so that he can 
read ordinary print with ease, and we would therefore recommend him a glass 
of +2°5 Dor +3 D. 

Many erroneous views, which we must oppose, are prevalent among the 
laity with respect to the wearing of glasses in advanced life. Some consider it 
advantageous to begin wearing glasses as late as possible, and this from the 
fear that when once they begin they will have to keep on using stronger and 
stronger ones. But as far as this is concerned they gain nothing, whether they 
begin using glasses at the proper time, or for years struggle along laboriously 
without them until they can do so no longer. Every presbyope has to increase 
the strength of his glasses as long as his range of accommodation keeps dimin- 
ishing. It is only when the range of accommodation has become equal to zero 
that he can stick to the same glass. It is just as erroneous to believe that by 
wearing glasses early one can ‘“‘save”’ his eyes. Presbyopia goes on its ap- 
pointed way unaffected by the wearing of glasses or by the nature of those that 
are worn, and independent of the fact whether the eyes are strained a good deal 
or not at all by fine work. 

In examining Fig. 147 we are struck with the fact that the line 7 7, repre- 
senting the far-point, does not run straight, as we should expect, but makes a 
curve. The far-point of the emmetropic eye, which lies at infinity, recedes be- 
yond infinity at the age of fifty—that is, the refraction of the eye changes and 
it becomes hypermetropic. This fact has nothing to do with the diminution of 
accommodation. It depends upon a decrease in the refractive power of the eye, 
due to a senile change in the lens—a change which is effected by an increase 
taking place in the density, and hence in the refractive power, of the layers of 
the latter from within outward. Every ray of light passing through the lens 
undergoes a new deflection in each layer, so that the entire refraction is much 
greater than if the whole lens had even the high refractive power of its inner- 
most layers but was at the same time homogeneous. Now, in old age, the pro- 
cess of condensation extends farther and farther from the center to the periph- 
ery, and the lens becomes constantly more homogeneous, so that as a whole it 
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suffers impairment of its refractive power. The emmetropic eye thus gets to be 
somewhat hypermetropic, while the myopic eye becomes less near-sighted, and, 
in fact, slight degrees of myopia may disappear altogether in old age. 


¢ 


Optical variations of the eye from the normal may relate either to 
its refraction or to its accommodation. The anomalies of refraction 
are to be strongly differentiated from those of accommodation, with 
which they are frequently confounded. An eye whose refraction 
varies from the normal or emmetropic we call ametropic.* There are 
three varieties of ametropia: myopia, hypermetropia, and astigmatism. 
When the refraction of the two eyes is different, we speak of anisome- 
tropia.t 


* [From 4, privative, uérpoy, a limit, and #y, sight.] 
+ [From aos, unequal, hérpoy, limit, and &y, sight.] 
40 


CHAPTER III. 
MYOPIA. 


143. SHORT-SIGHTEDNESS (myopia, M) is that refractive condition 
of the eye in which rays that are parallel to each other when they fall 
upon the eye come to a focus in front of the retina. Hence, when the 
rays strike the retina, they have become divergent once more, and there- 
fore form a diffusion-circle upon the latter (aa, Fig. 148). <A distinct 
image is formed upon the retina only when the rays have a certain 
degree of divergence as they arrive at the eye, which is the case when 
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they emanate from a point F# situated close by (Fig. 148). This point 
is the far-point of the myopic eye. The greater the myopia, the farther 
in front of the retina is the point of intersection of parallel rays, and 
hence the greater is the divergence that rays must have in order to 
unite upon the retina, and hence, too, the nearer to the eye must the 
far-point (7) lie. Consequently the degree of myopia is determined 
by the distance of R. 

Determination of Myopia.—The distance of R from the eye can be 
measured directly by placing fine print before the eye and gradually 
withdrawing it until it becomes too indistinct to be read. This method, 
however, has various defects, so that we prefer to determine the position 
of & by means of concave glasses. Let us assume that the eye has such 
a degree of myopia that its far-point is 50 centimetres in front of the 
eye (Fig. 149, #’); the rays, then, that emanate from this point come 
to a focus upon the retina (at f). How can we manage to have this 
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eye see parallel rays distinctly—i. e., have them focused upon the 
retina? Evidently by giving them the same direction as if they ema- 
nated from the far-point. This is effected by placing before the eye 
a concave glass of 50 centimetres, focal distance—i. e.,0f —2D). By 
this glass parallel rays are rendered as divergent as if they emanated 
from its focus (see page 598). This lies 50 centimetres in front of the 
glass—that is, at the same spot at which the far-point of the eye is 
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situated (at f). Accordingly, parallel rays acquire the same direction 
as if they emanated from the far-point of the myopic eye, and are hence 
focused upon the retina of the latter so as to form a distinct image. 
(In this discussion the distance of the glass from the eye is neglected.) 

The deduction made in the foregoing example holds good for all 
degrees of myopia. The following rule may therefore be enunciated : 
A myopic eye sees distinctly at infinite distance with that concave glass 
whose focal length is equal to the distance of the far-point from the 
eye. And conversely: The focal length of that concave glass with 
which the myopic eye sees remote objects distinctly gives the distance 
of the far-point from the eye—i. e., the degree of myopia. If aman 
sees remote objects distinctly with —5 D, his far-point is 20 centime- 
tres (100 + 5= 20). But in designating the degree of myopia we do 
not usually give the position of the far-point, but give directly the re- 
fractive power of the correcting glass—writing, therefore, M=5D. 

If a glass of —6 D is placed before an eye whose M = 5 D, such an 
eye would still see clearly at a distance; the extra strength of 1 D being 
neutralized by a corresponding effort of the accommodation. Since in 
myopia there is often a tendency to accommodate, it is by no means rare 
to find myopes who are wearing glasses that over-correct. In order not 
to fall into the same mistake in determining myopia, and thus make the 
latter greater than it really is, we must regard as the correcting glass 
the weakest concave glass with which the myope sees distinctly at a 
distance. Hence, in determining myopia we proceed as follows: We 
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place the myope at a distance of 6 metres from Snellen’s test-card, and 
keep putting concave glasses before his eyes, beginning with the weaker 
ones and gradually advancing to those which are stronger, until the 
best vision is obtained which can possibly be secured in this special case. 
The weakest concave glass with which this vision ts obtained gives the 
degree of myopia. 

This method of determining myopia, which was instituted by Don- 
ders, is the one generally employed. It is pretty tedious, since we are 
obliged to go gradually from weaker to stronger glasses, and frequently, 
therefore, have to place quite a large number of glasses before the eye 
before we get to the one that corrects. Hence, some have conceived 
the idea of determining not only myopia but also the refraction 
generally in a more expeditious way, namely, by the use of various ap- 
paratus which are called optometers. ‘These are constructed upon vari- 
ous principles. Most consist of a test-objeet at which the eye looks 
through a single lens or through two lenses combined. The rays which 
enter the eye can be given a parallel, convergent, or divergent direction, 
and so adjusted to suit the different refractive errors that may exist, 
either by altering the place of the test-object or by shifting the lenses. 
The refraction is then simply read off from a scale which is attached to 
the instrument. In spite of the advantage accruing from the almost 
instantaneous determination of the refraction which these instruments 
afford, they have not become popular, because the refraction as found 
by them is regularly too high; for the person who is looking into the 
instrument exerts, without being aware of it, some effort of accommoda- 
tion. Hence, if we desire to find the true refraction—i. e., the refract- 
ive state of the eye when the accommodation is relaxed—we are obliged 
first to paralyze the accommodation with atropine, a procedure which 
causes the patient considerable discomfort and annoyance. 

The determination of myopia by glasses or optometers is called the 
subjective method, because it is dependent upon the statements of the 
patient. or this reason its results are not always exact. It often 
happens that, by the patient’s straining his accommodation, a higher 
degree of myopia is simulated than really exists. Moreover, we are de- 
pendent upon the patient’s good-will and the intelligence. Frequently 
we are dealing with malingerers, who purposely try to make their my- 
opia appear too high, in order to escape military service. Again, in 
small children this method is not applicable. For such cases the 0d- 
jective method, which consists in the determination of the refraction 
by means of the ophthalmoscope, and which is therefore independent 
of the statements of the patient (see 16), is suitable. And even when 
the degree of myopia has been already determined by the subjective test, 
the result should in every instance be verified by the objective test for 
the refraction. 

Causes of Myopia.—The fact of parallel rays coming to a focus in 
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front of the retina, which constitutes the essence of myopia, may in 
general arise in two ways: 

1. The refractive power of the eye is abnormally great, so that paral- 
lel rays are made too convergent, the retina in this case being in its 
normal situation. The cause of the increased refractive power may lie 
in the cornea or in the lens. In the cornea it is increased curvature 
that leads to myopia. This, therefore, is found in ectases of the cornea 
of the most diverse sort, but to the greatest degree and most obviously 
in keratoconus, because in this condition the cornea at the same time 
retains its transparency. Myopia caused by increased curvature of the 
cornea is always associated with a considerable degree of astigmatism. 

The /ens can cause abnormal elevation of the refractivity of the eye 
either through increased curvature or through augmentation of density. 
The following cases are to be regarded as belonging in this category : 
(a) In luxation the lens takes on an increased curvature because the 
tension exerted by the zonula is removed. If the case is one of luxa- 
tion into the anterior chamber, the forward displacement of the lens 
contributes to the increase in refractive power, since with the lens the 
nodal point of the whole dioptric system is shifted forward. (4) Ac- 
commodation, which increases the curvature of the lens, may be kept 
permanently in action, and as long as this spasm of accommodation 
continues myopia will be present. The latter disappears when the 
accommodation is paralyzed by atropine. (¢) Myopia due to increase 
in density of the lens not infrequently sets in at the beginning of senile 
cataract (see page 366). 

2. The refractive power of the eye may be normal, so that parallel 
rays come to a focus at the customary spot, but the retina may lie too 
far back. The cause of this is an elongation of the axis of the eye, for 
which reason this sort of myopia is called axial myopia. 'The disten- 
tion of the sclera, to which the elongation of the eye is due, may affect 
either its anterior or its posterior division. We find the former condi- 
tion after scleritis, in which the zone of sclera which adjoins the 
cornea is softened by inflammation, and then distended by the intra- 
ocular pressure (see page 214). But by far the most frequent site of 
the distention is in the posterior division of the sclera, which is bulged 
out posteriorly, forming the staphyloma posticum of Scarpa. This is 
the ordinary typical form of myopia, which therefore deserves special 


mention. 
TyprcAL MYopra. 


144. Myopes see indistinctly at a distance, because of the presence of 
diffusion-circles. To make these smaller, and thus see better, they screw 
the lids together, and in this way produce astenopzic slit. In fact, it is 
from this habit of blinking that the name myopia ™* takes its origin. 


*From pdew, to shut, to blink, and &y, sight. 
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Myopes see well near by, and, moreover, have the advantage that 
they need use little or no accommodation for this purpose. ‘The range 
of accommodation has the same relation in the myopic eye (if the high 
degrees of myopia are excepted) as in the emmetropic eye. Only, since 
the far-point lies at a finite distance, the whole region of accommoda- 
tion is placed closer to the eye, as can be seen from Fig. 143 (No. 3), in 
which the region of accommodation lies between 10 and 5 centimetres 
in front of the eye. In working at close range, therefore, the myope 
needs to use less accommodation than the emmetrope, or even no ac- 
commodation at all. Suppose, for instance, that work has to be done 
at a distance of 33 centimetres. In this case the emmetrope requires an 
accommodation of 3 D (100 + 33 =3). A myope whose myopia equals 
1D needs only 2 D of accommodation, and one having a myopia of 
3 D needs none at all, since his far-point lies at the working distance. 
As soon, therefore, as myopia has reached a certain degree, the accom- 
modation ceases to be used (it being presupposed that no glasses are 
worn). Hence, in myopia of high degree the range of accommodation 
is, as a rule, not normal, but diminished. 

For the same reason, in myopes presbyopia sets in later than in em- 
metropes, or does not set in at all. To be sure, the diminution in elas- 
ticity of the lens is produced in a myopic eye just the same as in any 
other, but practically it does not make itself so perceptible. If a man 
has a myopia of 4°5 D, his far-point lies at 22 centimetres, and will al- 
ways remain there though he be ever so old. During his whole life, 
therefore, there will be distinct vision at this distance, the only differ- 
ence from what existed previously being that the patient, when at an 
advanced age he has lost his power of accommodation, will no longer 
be able to see closer than 22 centimetres—a thing, however, which there 
is no necessity of his doing in any case. Such a myope, therefore, does 
not become presbyopic at all, Those having myopia of less degree do 
become presbyopic, but do so later than emmetropes. The point of 
time when presbyopia sets in—i. e., when the near-point recedes beyond 
22 centimetres—can easily be calculated for each individual case if we 
know the degree of myopia and the amount of the range of accommo- 
dation at different ages. 

The ¢rowbles that myopes complain of vary according to the degree 
of myopia, In the lower grades of myopia distant vision is indistinct, 
and yet often suffices for ordinary purposes, so that many myopes of 
this sort do not use glasses. For near work moderately near-sighted 
eyes are generally regarded as serviceable, because they do their work 
with less accommodation, and, moreover, either become presbyopic late, 
or do not become so at all. 

It is otherwise with the high degrees of myopia. In this case not 
only is the complaint made of indistinct vision at a distance, but also 
of inability to keep on with work near by for any length of time; for, 
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owing to the short distance at which the far-point lies, a considerable 
effort of convergence is required—an effort which, moreover, is often 
rendered difficult by insufficiency of the internal ocular muscles—so 
that troubles symptomatic of muscular asthenopia develop. From 
the insufficiency may develop a strabismus divergens, a condition, 
therefore, which is most frequently met with as a result of marked 
myopia. 

In myopia of high degree it is often the case that satisfactory dis- 
tant vision is not attained even by glasses, because morbid changes exist 
in the fundus. For the same reason, vision close by is frequently de- 
fective in spite of the great approximation of the object. Moreover, 
complaint is made of rapid exhaustion of the eyes, of great sensitive- 
ness to light, and of musce voli- 
tantes. The last-named phenom- 
enon is also, to be sure, found in 
healthy eyes (see page 397); but Ze S 
the myopic eye is more prone to 
see musce volitantes, and sees them 
in greater number. ‘This arises 
from the fact that myopic eyes [jp : 
without glasses see everything in- 
distinctly; and upon a hazy back- 
ground, such as is produced by 
this indistinct vision, opacities are \\ = 
better projected ; moreover, in the 
higher degrees of myopia patho- 
logical opacities of the vitreous are 
apt to be present. Musce voli- 
tantes are not infrequently a source 
of constant annoyance and worry 


to myopic patients. 

Objective examination of a 
near-sighted eye shows that it is 
longer than normal (Arlt). The 
elongation is produced, as dissec- 
tion of such eyes shows, by the dis- 
tention of the sclera at the pos- 
terior pole (Fig. 150). In marked 
myopia the enlargement of the eye- 
ball is recognizable even in the liv- 
ing eye. The eye projects far for- 


Fie. 150.—Cross-sEcTION oF A Myopic EYE 
HAVING AN AXIAL LENGTH OF 28 CENTI- 
METRES. MAGNIFIED 2x1. 


The ectasia (staphyloma posticum) which oc- 
cupies the posterior segment of the eye 
extends from e to e,. Over the area oc- 
cupied by the staphyloma the sclera is very 
much thinned, and at the spot where it is 
continuous with the sheath of the optic 
nerve its layers have separated from each 
other, so that the intervaginal space is di- 
lated at its extremity, and more so at the 
temporal side, t, than at the nasal side, n. 
The optic nerve, s, shows within the fora- 
men scleree an outward bend. Over the 
area occupied by the posterior staphyloma 
there is a posterior detachment of the vitre- 
ous, h; and in this eye there is also present 
an anterior detachment of the vitreous, v. 


ward (pop-eye) ; and when it is turned well in toward the nose the 
equatorial region appears in the outer portion of the palpebral fissure, 
and then does not, as in the case of the normal eye, make a sharp 
curve in turning backward, but runs back without much curving— 
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almost straight, in fact. Very myopic eyes are also usually character- 
ized by a deep anterior chamber and a dilated pupil. 

The most important changes in myopia are those which are situated 
in the fundus and can be recognized by ophthalmoscopic examination. 
These, as a general thing, are the more extensive the higher the degree 
of the myopia. They affect first of all the chorioid and retina, which 
become atrophic, both in the vicinity of the papilla and in the region 
of the macula lutea (see page 316). The latter spot, moreover, is the 
favorite seat of retinal hemorrhages. Numerous floating opacities are 
formed in the vitreous, the latter at the same time becoming liquefied. 
The consequences of the degeneration of the vitreous make themselves 
apparent both in the lens and in the retina. In the former there de- 
velop opacities, and, as a result of the atrophy of the zonula of Zinn, 
tremulousness and even luxation; in the retina, detachment occurs. 

Most cases of myopia are those of low degree, which develop during 
youth and come to a stop after the completion of the body-growth 
(stationary myopia). In other cases, however, the myopia attains a 
considerable height even in youth, and then does not remain stationary, 
but increases steadily during the whole life, so that finally it reaches 
the greatest possible degree (progressive myopia). It is mainly these 
cases which lead to destructive changes in the interior of the eye, and 
which cause myopia to appear in the light of a disease of the eye, and 
that, too, of a severe disease, which in advanced age often gives rise to 
amblyopia or even blindness. 

145. Causes of Myopia.—Myopia is only exceptionally congenital, 
elongation of the eye in that case existing at the time of birth. The rule 
is that myopia develops in youth at the time when, as the whole body is 
growing rapidly, considerable demands are at the same time made upon 
the eyes by school life or by work. It has been established by many 
observations that acquired near-sightedness is found almost exclusively 
in those persons who are compelled to strain their eyes with near work. 
Such are, on the one hand, the members of the cultivated classes who 
apply themselves to study; and, on the other hand, working people, like 
tailors, seamstresses, compositors, lithographers, etc., who have fine 
work to do. There is thus no doubt but that the cause of myopia is 
furnished by near work. Here two factors come in for consideration, 
namely, the accommodation and the convergence, by the combined 
action of which the distention of the posterior pole of the eye is effected. 
But, although straining of the eyes in near work is the cause of myopia, 
not all but only a fraction of those who are subjected to this strain 
actually become near-sighted. In this fraction, therefore, special addi- 
tional factors must be present which favor the development of the my- 
opia due to near work. The following are the factors of this sort that 
we know of: 1. A predisposition to myopia, which doubtless has its 
seat in definite anatomical conditions, such as too slight resistance of 
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the sclera, peculiarities in the relations of the ocular muscles or of the 
optic nerve, etc. Since anatomical peculiarities are prone to be in- 
herited, the hereditary character of myopia is also readily explainable. 
The children of near-sighted parents are not, to be sure, born near- 
sighted; but if they are exposed to those conditions which favor the 
development of near-sightedness, they show a greater tendency to be- 
come myopic than do the children whose parents have normal sight. 
2. Those circumstances which compel too great approximation of the 
work, and thus require an abnormally great accommodation and con- 
vergence. ‘This is the case when particularly fine work has to be done, 
or when work is carried on with insufficient illumination, and also 
when the visual acuity is diminished (by maculex of the cornea, opaci- 
ties of the lens, astigmatism, etc.), so that it becomes necessary to bring 
the objects closer than usual (see page 608). 3. Insufficiency of the 
internal ocular muscles. The greater the myopia, and hence the 
nearer the point at which objects have to be held, the greater the effect 
which this factor exerts. It impedes the act of convergence, which 
consequently can be accomplished satisfactorily only by an excessive 
effort of the interni, and in this way it accelerates the progress of the 
myopia. 4. Spasm of the accommodation at first simulates myopia and 
afterward generally passes into actual near-sight. It arises from the 
fact that the accommodation is kept strained upon close work for many 
hours every day; then, finally, it happens in young persons suffering 
from this accommodative spasm that they are no longer able to relax 
their accommodation completely, so they still accommodate when they 
are looking at the distance, and hence appear to be near-sighted, al- 
though they are really emmetropic, or even hypermetropic ; and if they 
are actually near-sighted, a still higher degree of myopia is simulated 
because of the spasm. The existence of a spasm of accommodation is 
discovered by our finding the myopia to be higher when we make the 
subjective test with glasses than when we determine it objectively 
with the ophthalmoscope, for the accommodation is usually completely 
relaxed during the examination with the ophthalmoscope, so that the 
eye manifests its true refraction. The test of the correctness of our 
determination is the instillation of atropine, which paralyzes the ac- 
commodation and thus removes the spasm, so that when the examina- 
tion with glasses is made the true refraction is found. 

Treatment.—It is impossible to cure myopia, or even, in fact, to 
diminish it to any great extent. We must confine ourselves to making 
provision by means of suitable glasses for distinct vision, and to proced- 
ures that will enable close work to be carried on as far as may be with- 
out exhaustion. Moreover, the progress of the near-sight must be 
checked as far as possible, and any complications present be attacked. 

The following principles hold good with reference to the wearing of 
glasses by myopes: In the low degrees of near-sight (up to about 2 D) 
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it is sufficient to order glasses for distance, provided that any desire for 
them is expressed. For near work glasses are unnecessary, since vision 
can be carried on without them at a sufficient distance—that is, up to or 
beyond 50 centimetres. In the medium degrees of near-sight—i. e., from 
2 to about 7 D—glasses are necessary for distance, and they are often 
desirable for near work as well; for otherwise the work would have to be 
held too close, and would thus require great convergence, which might 
give rise both to exhaustion of the eyes and to progressive increase of 
the near-sight. If the eye is otherwise healthy, and the range of ac- 
commodation is large enough, a glass is prescribed which can be worn 
constantly for both distant and near points. ‘This glass ought not 
quite to correct the myopia—e. g., in a myopia of 5 D a glass of, say, 
— 4D would be given. If the range of accommodation is small, either 
on account of advanced age or from other reasons, the glass which 
nearly corrects the myopia will not be borne for near work. Near- 
sighted persons who have worn the same glass constantly for many 
years find that, as they become older, reading with this glass becomes 
more and more difficult. In such cases two sets of glasses must be or- 
dered : a stronger one, which almost corrects the myopia, for far-points ; 
and a weak one, for near work, which removes the working distance to 
the point desired. The same rule holds good for the high degrees of 
myopia, in which, likewise, different glasses must be prescribed for far 
and near. When, owing to complications, the visual acuity is greatly 
diminished, glasses are in any case of little or no use. 

Prescribing glasses for near-sighted persons requires much experi- 
ence and a careful consideration of all the attendant conditions. In no 
case should the choice of glasses be left to the optician. 

In addition to the selection of glasses, the regulation of the patient’s 
habits, both as regards his general condition and his eyes, must be at- 
tended to. This is the more important the greater the myopia is, and 
the more reascn there is to apprehend its progressive advancement and 
the development of complications. And, first of all, near work must be 
restricted as much as possible. Such work as has to be done under any 
circumstances should be performed at the greatest possible distance 
from the eyes. ‘To effect this we must see to it that the print of the 
books is good, that the illumination is sufficient, that the correct posi- 
tion is maintained in reading and writing, ete. Work in the evening 
by artificial light must be restricted as far as possible. It is very ad- 
vantageous to interrupt the work at frequent intervals and rest the 
eyes by looking at a distance. If it is apparent that the near-sight is 
making rapid progress and threatens to reach a still higher degree, it is 
advisable to drop all studies for quite a long time. If spasm of the 
accommodation exists, intervals of this sort can be utilized for treat- 
ment with atropine. Young people with markedly progressive myopia 
should be warned to take the condition of their eyes into account in 
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choosing a profession. An occupation, like that of civil-service clerk 
or one of the learned professions, which requires constant reading and 
writing, 1s not suitable for people of this sort. 


The anatomical demonstration of the enlargement of the myopic eyeball 
was first made by Arlt, and thus the nature of myopia was established (1854). 
Scarpa, to be sure, had already at an earlier date (1807) observed the ectasia of 
the posterior pole of the eye peculiar to myopia, but did not recognize it as the 
cause of the latter. The size of this ectasia is in direct ratio to the degree of 
the myopia. In near-sight of moderate amount the ectasia is limited simply 
to the posterior pole of the eye; but in the higher degrees of myopia the ectasia 
(€é, Fig. 150) extends until the optic nerve is implicated, and gets to lie upon 


Fig. 153.—Citrary Bopy or A HyPERMETROPIC EYE. 


the side of the protrusion. The elongation of the eyeball due to the ectasia 
may be very considerable; there are eyeballs which have an axial length of 
upward of 35 millimetres, while the normal eye is only 24 millimetres long. 
Microscopic examination of a very myopic eye proves that its anterior seg- 
ment as far back as the ciliary muscle is normal (Iwanoff). This latter has a 
smaller transverse diaineter than in the emmetropic eye, since the circular fibers 
are less developed, and are sometimes, indeed, almost entirely wanting (Fig. 
152). These circular fibers, in fact, are mainly the ones whose function it is 
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to provide for accommodation; and as accommodation is but little employed 
in a myopic eye, they are not properly developed there. But as the ciliary 
processes, too, in the myopic eye are not as large as usual, the whole ciliary 
body appears abnormally flat. In hypermetropic eyes the opposite condition 
exists. In these, Miller’s portion of the ciliary muscle is hypertrophied by con- 
stant accommodative effort, and thus the whole muscle is increased in size; and 
as the ciliary processes, too, are more fully developed, the entire ciliary body 
projects farther toward the interior of the eye (Fig. 153). A comparison of 
Figs. 152 and 153 with each other and with Fig. 151, which represents the cili- 
ary body of an emmetropic eye, shows how the shape of the sinus of the anterior 
chamber is determined by the form of the ciliary body. In a myopic eye the 
sinus is deeper, in a hypermetropic eye shallower, than in the emmetropic eye. 
This relation, which can also be observed macroscopically in the living eye, is 
held to be of importance in the genesis of glaucoma. We know that in the 
latter condition the iris is pushed against the cornea, and the sinus of the an- 
terior chamber is obliterated, owing to swelling of the ciliary processes (see page 
351). Obviously the larger the ciliary processes and the narrower the sinus of 
the anterior chamber the more readily will this result take place. In this fact 
is probably contained, at least in part, the reason why hypermetropic eyes are 
very frequently, and myopic eyes, on the contrary, are very rarely indeed, at- 
tacked by inflammatory glaucoma. 

The pathological changes in the posterior segment of the eye are much 
more manifold than those in the anterior segment. The head of the optic 
nerve looks as if it had been displaced, with reference to the foramen sclere 
through which it passes (Weiss; see Fig. 150, s). Asa result of this, we find 
its fibers curved or bent and its sheaths distorted. This latter effect is most 
apparent at the temporal side, where the external sheath becomes removed a 
considerable distance from the inner, so that a marked dilatation of the inter- 
vaginal space is thus produced (Jager; see ¢, Fig. 150). This same displace- 
ment is recognizable in the chorioid, from the fact that the latter is drawn away 
from the optic disk on the temporal side, so that the atrophic crescent is pro- 
duced there, while at the nasal border the chorioid is not infrequently drawn 
up over the optic disk. All these phenomena lead us to infer that the sclera 
tends to draw the optic nerve toward the temporal side, and, as this can not be 
done, it shifts its own place and with it that of the chorioid in the same direc- 
tion against the traction exerted by the optic nerve. The sclera, wherever it 
happens to lie within the ectasia, becomes attenuated, so that often it is only as 
thin as paper. The superjacent chorioid and retina present in the main the ap- 
pearances of atrophy together with slight inflammatory changes; in the later 
stages both membranes are reduced to a thin pellicle almost destitute of pig- 
ment. The vitreous in its posterior division is detached from the retina, and 
the space thus formed is filled with liquid (posterior detachment of the vitreous; 
h, Fig. 150). 

The ophthalmoscopic and anatomical changes which make their appearance 
in the higher grades of myopia, render it evident why the visual acuity is almost 
never found to be normal in very marked near-sight. Among the laity there is 
a belief that near-sight diminishes in age; but this is true only for the lowest 
degrees of myopia. In advanced age the emmetropic eye, owing to diminution 
in the refractive power of the lens, becomes hypermetropic (see page 624); con- 
sequently, in a myopic eye the myopia must diminish. Myopes, however, often 
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believe that they are becoming less near-sighted because they see better at a dis- 
tance without glasses than they used to do, and yet testing with glasses shows no 
diminution in the myopia. This improvement in vision depends upon the fact 
that in old age the pupils become more contracted, and hence, when looking 
with the naked eye, the diffusion-circles are smaller. But all persons who have 
a great degree of near-sight see worse and worse as their age increases, because 
not only is the myopia augmented, but the complications of myopia tend to de- 
velop more and more. 

Near-sight of any high degree incapacitates the subject for military service. 
In Austria, according to the military regulations of 1889, capacity for every 
branch of the service is held to exist when the myopia of the more near-sighted 
eye is not more than that represented by an approximation of the far-point equal 
to 25 centimetres (M=4D). For the one-year volunteers this limit for the far- 
point is reduced to 20 centimetres (M = 5 D), and for physicians, apothecaries, 
and veterinary surgeons, to 15 centimetres (M = 6°5D). Moreover, recruits are 
admitted, although only to the reserve corps, whose far-point varies between 25 
and 20 centimetres (M = 4 — 5D), while any higher degree of near-sight ex- 
cludes them altogether from actual military service. The visual acuity is also 
taken into account. Those only are regarded as available for all purposes who 
have at least vision = ;§, in both eyes (after correction of any existing ame- 
tropia). Any one whose vision in the better eye is only ;f,, and in the worse 
eye at least »°,, may be admitted to the reserve corps, while diminution of the 
visual acuity below this standard incapacitates the patient for military service. 

In Germany a myopia jn which the far-point in the better eye is distant 15 
centimetres or less (M7 = 6'5 D or more) is regarded as permanently incapaci- 
tating the patient from military service, even supposing that the visual acuity is 
normal. A less degree of near-sight than that above given renders a man con- 
ditionally fit for service, if the visual acuity amounts to more than half of the 
normal (German army orders of September 28, 1875). 

Near-sightedness is so wide-spread and important a disease that it has re- 
ceived an amount of investigation which, for extent and for thoroughness along 
all lines of research, few other diseases can equal. The main thing that these 
numerous investigations have proved is that near-sight is an attribute of cult- 
ure. In the country, for example, we encounter fewer people with glasses than 
we do in the city. In the latter, again, it is the schools which are the main hot- 
beds for the propagation of near-sightedness. Cohn by his extensive researches 
was the first to direct general attention to this fact. Since then statistical 
researches in regard to myopia have been published in almost all countries— 
researches which extend to all classes of every condition and every age, even 
including new-born children. It has been proved that among new-born chil- 
dren myopia practically never occurs; in fact, they are almost without exception 
hypermetropic. Near-sightedness is acquired later in life through straining the 
eyes, and hence fails to occur when this strain is absent. In savage nations 
near-sightedness no more occurs than it does among children. Again, in the 
lowest order of schools—the common schools—there are extremely few near- 
sighted persons, and the same is true of the rural population, whose education 
does not, as a rule, get much beyond the common school. The school most 
dangerous for the eyes isthe high school. It is in this that myopia first de- 
velops and then increases, both as regards its intensity and as regards the num- 
ber of myopes in proportion as we ascend the classes. In Germany about 
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twenty per cent are myopic in the lowest classes of the high schools and sixty 
per cent in the highest classes. In going into the higher classes the scholar 
who is already near-sighted becomes more and more so; and, furthermore, new 
scholars are constantly being attacked with myopia. In the university the con- 
ditions are still more unfavorable. Near-sight acquired as a result of study 
thus rightly bears the name of ‘‘school myopia.” 

Continuous employment of the eyes upon fine work exerts the same influence 
as do schools. Among lithographers Cohn found forty-five per cent and among 
compositors fifty-one per cent to be myopic. 

The male and female sex are equally predisposed to myopia. It is true that 
fewer near-sighted women are seen than near-sighted men. This is partly due to 
the fact that the course of study among women is shorter; but in part the differ- 
ence between the sexes which makes it seem as though there were but few near- 
sighted women is apparent only, since women are unwilling to take the step 
involved in wearing glasses, because it is contrary to the fashion. But, while 
the two sexes are nearly equal in this regard, it is assumed that certain races, 
and chief among them the Germans, are more predisposed to myopia than 
others are. 

The great prevalence of near-sight, particularly among the young who are 
engaged in studies, has justly excited wide-spread anxiety and led to endeavors 
to put a stop to the extension of the evil. First of all, the excess of work which 
many scholars have at present to struggle with should be reduced to the proper 
standard. The way in which scholars are overtasked, both in school and at 
home, is admitted by most, and is prejudicial not only to the eyes, but also to 
the boy’s whole mental and physical development. Instruction ought not to be 
begun too early (if possible, not before the completion of the sixth year), and 
more time should be allotted to bodily exercise, especially in the open air, than 
has hitherto been the case. The hours set apart for this latter purpose should 
alternate suitably with the hours devoted to sedentary occupations, so as to 
serve as a rest from both mind-work and eye-work. That amount of work 
which absolutely has to be done should be done under the most favorable con- 
ditions. To accomplish this, special attention must be paid to the schools, since 
the work done at home is beyond our control. The requisites which in many 
modern schools are already carried out are: 1. Good illumination—i. e., illu- 
mination of sufficient strength and falling upon the work in the proper direc- 
tion; the light should come mainly from the scholar’s left side. 2. Well-con- 
structed seats and tables, which, furthermore, should be adapted to the varying 
size of the scholars, so that they may not be forced to adopt a bad attitude of 
the body. If, however, the scholars do bend forward too much, especially in 
writing, the use of some straightening appliance (that of Kallmann, in Breslau, 
is the best) is indicated. 8. A proper method of instruction in writing which 
will enable the pupil to keep the head and body straight while writing (upright 
script). 4. Good print. Books having too fine print, and also too fine fancy- 
work for girls, should be banished from schools. 

While no one doubts that near work produces near-sight, observers have 
not been able to agree as to how it does it. As regards this point different 
theories have been propounded, each one of which probably contains one or 
more points that are correct, although none is perfectly satisfactory. Those 
who accuse the accommodation of being the cause of myopia, declare that dur- 
ing accommodation the intra-ocular pressure is somewhat elevated. If this pro- 
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cess is frequently repeated, it may lead to distention of the posterior portion of 
the sclera where it is most yielding. According to Von Graefe, inflammatory 
processes in the chorioid and sclera (sclerotico-chorioiditis posterior), by which 
the sclera is rendered softer, are also to be considered in this connection. 
Others believe that it is not so much the accommodation as the convergence 
that should be made accountable for the development of myopia, inasmuch as 
in convergence a pressure is exerted upon the eyeball by the external ocular 
muscles, which leads to its distention. It has been supposed that either the 
internal and external recti which in the act of convergence are stretched more 
tightly over the eyeball, or the two obliques which surround the eyeball, like 
a sort of noose, may produce this effect. The muscles last named are, further- 
more, so situated that they press upon the points of exit of some of the ven 
vorticose from the eyeball, and may thus produce venous congestion in the 
latter. Convergence might, however, produce distention of the posterior pole 
of the eye in another way—namely, by the fact that the latter is displaced out- 
ward, and consequently is pulled upon by the optic nerve. This action would 
be particularly looked for when the optic nerve is, relatively speaking, too 
short (Hasner, Weiss). This view gains in weight from the result of anatomical 
investigations which show changes in the head of the optic nerve, that must be 
referred to tension exerted in the direction mentioned. 


CHAPTER IV. 
HYPERMETROPIA. 


146. Far-sicHt, hypermetropia* (/7), is that refractive condition 
of the eye in which parallel rays falling upon the eye come to a focus 
behind the retina (at f, Fig. 154). Properly speaking, the rays do not 
come to a focus at all, since the conical beam of rays has its apex trun- 
cated by the retina, and a diffusion-circle is formed there. Hyperme- 
tropia is the opposite of myopia; in the former the apex of the cone 
of rays lies behind the retina, in the latter in front of it. 

What sort of rays, then, can come to a focus, so as to form a distinct 
image upon the retina? When we try the experiment of bringing an 
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object from infinite distance closer to the eye, we find that it becomes 
more and more indistinct; for, the more divergent the rays are when 
they reach the eye, the farther behind the retina will they be when they 
come to a focus (thus in Fig. 154 the rays coming from O come to a 
focus at f,), and hence the larger will be the diffusion-circles. Accord- 
ingly, the hypermetropic eye can not, without the exercise of accommo- 
dation, see either distant or near objects distinctly. For rays to come 
to a focus upon the retina of a hypermetropic eye, they must have a 
certain degree of convergence as they fall upon the eye (cc, Fig. 155). 
From what point would rays of this sort start? To ascertain this we 
must prolong the rays until they meet. This would occur at a point (R, 
Fig. 155) situated behind the retina. This point is, accordingly, the 


* [From brép, in excess of, uérpov, measure, and y, sight.] Also called hyper- 
opia [from imrép and Sy]. 
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far-point of the hypermetropic eye, since we understand by the far- 
point that point from which the rays must emanate, in order to, be 
brought to a focus by the eye when it is exerting no accommodation. 
In the present case, to be sure, the far-point is simply an imaginary 
point, since rays emanating from a point behind the eye could never 
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really get into the latter. We say, therefore, that the hypermetropic 
eye has only a virtual far-point, and we designate it by the negative 
sign: —f. 

Determination of Hypermetropia.—The greater the hypermetropia, 
the greater must be the convergence of the rays that come to the 
eye for them to unite upon its retina, and the nearer, therefore, to 
the posterior pole of the eye must be the point of union of these rays— 
i.e., the far-point. The degree of hypermetropia is determined, there- 
fore, just like the degree of myopia, by the distance of the far-point 
from the eye; in both cases the error of refraction is the greater the 
nearer the far-point is to the eye. The only difference is that in my- 
opia the far-point lies in front of the eye, and in hypermetropia behind 
it. For this reason the distance of the far-point can not in hyperme- 
tropia be measured directly as it can in myopia. We are forced to de- 
termine it indirectly by means of the test with glasses. In doing this 
we start as in correcting myopia with the attempt to cause such a 
refraction of parallel rays by means of the lens that they shall come to 
a focus upon the retina. Obviously a convex lens is required for this 
purpose, since this alone is able to render parallel rays convergent. If 
the far-point of the hypermetropic eye lies at — 50 centimetres (/, 
Fig. 155), we would have to take a lens of 50 centimetres’ focal length 
(= 2D). Parallel rays (« 0, Fig. 155) falling upon the lens will be 
so refracted by the latter as to converge toward its focus, which lies 50 
centimetres behind the eye—i. e., at the same spot as the far-point. 
These rays will therefore be brought to a focus upon the retina. In 
this discussion, for the sake of simplicity, the distance of the glass from 
the eye has been neglected. 

41 
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As the same thing can be proved for hypermetropia of any other 
degree, the following statement may be enunciated as a general law: 
To see distinctly at infinite distance the hypermetropic eye requires 
that convex glass whose focal length is equal to the distance of the far- 
point from the eye. Accordingly, the glass that corrects the hyperme- 
tropia gives through its focal length at once the position of the far- 
point and the degree of the hypermetropia. We express the latter by 
the number of dioptres which the correcting glass represents; and 
hence say a hypermetropia of 2D, not a hypermetropia with far-point 
at 50 centimetres. 

While it was said above that hypermetropes can see neither distant 
nor near objects distinctly, this statement only holds good when no 
accommodation is made; for by means of his accommodation the 
hypermetrope is able to increase the refractive power of his eye pre- 
cisely as if a convex glass had been placed in front of it: he can correct 
his hypermetropia by accommodation. This fact renders the exact de- 
termination of hypermetropia difficult. If we examine the same indi- 
vidual at different times for hypermetropia, we find that it is not always 
of the same degree. For example, it may happen that in a young 
hypermetrope the hypermetropia to-day is found to be 1°5 D, a little 
while after 1D, and to-morrow perhaps 2D. Which of these find- 
ings is the correct one? If we instill atropine several times and again 
make the examination, we now find the hypermetropia to be constantly 
the same but considerably higher than before—e. g., 4 D. 

The only possible reason for the fact that the hypermetropia as 
determined by us before atropinization was too low is that a part of 
this hypermetropia is concealed all the time by the accommodation. 
The hypermetrope is so accustomed to accommodate that he is unable 
to relax his accommodation completely even when convex glasses are 
placed in front of the eye, which render his accommodation superfluous, 
or even a disadvantage. Thus, with a glass which completely corrects 
his hypermetropia, the hypermetrope sees at a distance no less badly, 
and as a general thing much worse than with his naked eye. If we 
begin by placing very weak convex glasses before his eyes and then 
gradually use stronger and stronger ones, he will indeed keep on relax- 
ing his accommodation, but only up to a certain point ; he always retains 
a reserve of accommodation which he is unable to give up. With the 
glass thus found, combined with this residuum of accommodation, he 
corrects his hypermetropia and sees distinctly. If still stronger glasses 
are placed before the eye, these combined with his residuum of accom- 
modation produce an over-correction of his hypermetropia, and vision 
will once more become indistinct. When, then, we determine the glass 
with which the hypermetrope sees most distinctly, this does not give us 
the entire hypermetropia, but only that portion of it which has been 
unmasked by the relaxation of the accommodation. This is called the 
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manifest hypermetropia (Hm). The remaining portion which is con- 
cealed all the time by the accommodation is the latent hypermetropia 
(471). Both together constitute the ¢otal hypermetropia (H¢)—i. e., 
Ht=Hm + Hl. In theexample adduced above, Hm = 1—2D, Ht 
=4 PD and hence Hi?’ = 2 = 3D: 

The ratio of Hm to Ht depends upon the range of accommodation, 
and hence chiefly upon the age. In youth, when the range is large, 
upward of half of the total hypermetropia is latent. The older a man 
grows the more the manifest hypermetropia increases at the expense of 
that which is latent, until in old age Hm = Ht. Hence, when we test 
an old man with convex glasses, we find the whole hypermetropia at 
once; but in persons who still possess the power of accommodation, a 
determination of the total hypermetropia is possible only after paralyz- 
ing the accommodation with atropine. 

In practice we generally abstain from determining the total hyper- 
metropia, because atropinization is accompanied by effects which are 
disagreeable to the patient and which last several days. We ascertain 
simply the manifest hypermetropia from which, when we know the age 
of the subject, a conclusion can be drawn as to the total hypermetropia. 
However, that we may come as near as possible to the true value of the 
hypermetropia, we try to get the patient to relax his accommodation all 
that he can. For this purpose we proceed as follows: 

We place before the eyes of the patient, who is stationed at a distance 
of 6 metres from Snellen’s test-card, convex glasses, passing very gradu- 
ally from weaker to stronger ones, until the best possible vision has been 
obtained. The strongest convex glass with which this occurs gives the 
manifest hypermetropia. 

It very often happens that a hypermetrope has perfect vision with 
the naked eye, because he corrects his entire hypermetropia by means 
of the accommodation. In this case it is obviously impossible to im- 
prove his visual acuity with convex glasses. For a case of this sort the 
statement made above may be expressed as follows: The degree of 
manifest hypermetropia is determined by the strongest convex glass 
with which the patient is still able to see as well as with the naked eye. 
The fact that any one sees as well at a distance with a convex glass as 
with the naked eye is of itself enough to prove the existence of hyper- 
metropia, since the emmetrope and still more the myope see worse with 
even weak convex glasses; for, while concave glasses can be overcome 
by a suitable effort of accommodation, there is no way of combating the 
effect of a convex glass, since the crystalline lens can not be made flatter 
than it is already when in the state of accommodative repose. 

In the case of hypermetropia, even more than in that of myopia, 
it is necessary to confirm the results of the subjective method by an 
objective determination. It is only exceptionally the case that we get 
at the true amount of hypermetropia by the former method; but with 
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the objective test the total hypermetropia is usually found, the accom- 
modation being entirely relaxed during the examination with the oph- 
thalmoscope. 

Causes of Hypermetropia.—The condition, characteristic of hyper- 
metropia, in which parallel incident rays are brought to a focus be- 
hind the retina, may in general be produced by two different causes : 

1. The refractive power of the media is altered so that parallel rays 
are not rendered sufficiently convergent to come to a focus upon the 
retina, although the latter is in the same position as in the normal eye. 
The cornea may be the part accountable for this state of things—e. g., 
when it is flattened by cicatrices. In this case there is always a con- 
siderable degree of astigmatism as well. The dens gives rise to hyper- 
metropia when its refractive power abates, as is the case in advanced 
age; old people, therefore, if they were formerly emmetropic, become 
then slightly hypermetropic (see page 624). A high degree of hyperme- 
tropia is produced when the lens disappears from the pupillary area, 
either from being luxated or because it has been removed from the eye 
altogether (aphakia). In this case the eye is not only hypermetropic, 
but also loses its power of accommodation. 

2. Hypermetropia also develops when the refractive power of the 
eye is normal, but the retina lies too far forward (axial hypermetropia). 
This may be produced by a protrusion of the retina due to exudations 
or tumors. But the most ordinary cause of axial hypermetropia is a 
congenital shortness of the entire eye, so that typical hypermetropia 
constitutes the opposite to typical myopia, which is produced by abnor- 
mally great length of the eyeball. 


TypricAL HYPERMETROPIA. 


147. Symptoms.—Hypermetropes would have indistinct vision both 
for distance and near-points if they possessed no accommodation. In 
hypermetropes, therefore, this latter plays a particularly important part.. 
The range of accommodation is the same in hypermetropia as in emme- 
tropia. In the former, to be sure, we find that the near-point lies at a. 
greater distance from the eye. But this is due to the fact that a part 
of the range of accommodation is employed in correcting the hyperme- 
tropia, and only the residue is available for making the accommodation 
for shorter distances. The hypermetrope, in fact, must accommodate. 
even when looking at a distance. When the power of accommodation 
is good and the hypermetropia is not too large, the total hypermetropia. 
may be corrected by the accommodation, so that there is distinct vision 
at a distance (facultative hypermetropia). In the higher degrees of 
hypermetropia the effort involved in concealing the latter completely 
by means of the accommodation begins to cause trouble. To effect 
this concealment, a very great effort of accommodation must be made, 


HYPERMETROPIA. 645 


which, owing to the connection between the accommodation and con- 
vergence, is only possible provided that a strong impulse for the per- 
formance of convergence is at the same time set into action. In this 
case, therefore, distinct distant vision is possible only when excessive 
convergence is made at the same time—i. e., when there is an inward 
squint. This is relative hypermetropia. In this fact is contained the 
reason why strabismus convergens most frequently occurs in conse- 
quence of hypermetropia. In the high degrees of hypermetropia it 
becomes absolutely impossible to correct the hypermetropia completely 
by accommodation, so that there is indistinct vision even for distance 
(absolute hypermetropia, Donders). 

The extent to which hypermetropia can be concealed by accommo- 
dation depends not only upon the degree of the hypermetropia, but 
also upon the strength of the accommodation. But this latter changes 
with age, diminishing steadily with advancing years, and in old age 
becoming equal to zero. Every variety of hypermetropia, therefore, 
even the slightest, becomes absolute in an advanced age. 

While the hypermetrope needs accommodation even for distant 
vision, this is much more the case for seeing near by. Let us assume 
that work has to be done at a distance of 33 centimetres. For this 
purpose the emmetrope must use an accommodation of 3D. A hyper- 
metrope with H = 2 D also uses the same amount of accommodation ; 
but he must employ 2D more to conceal his hypermetropia, so that 
altogether he must make an accommodative effort of 5 D. Now, as his 
range of accommodation is no greater than that of an emmetrope, this 
great amount of accommodation causes him more trouble in proportion. 
He may be said to be always dragging about with him a deficit in his 
accommodation (namely, the quota of the latter necessary for the cor- 
rection of the hypermetropia)—a deficit which causes him to become 
exhausted quickly when doing near work (asthenopia). At first, vision 
near by is distinct and the work goes on well; but after a little while 
the object, print, near work, etc., begin to grow indistinct and are 
blurred as though enveloped in a slight haze. This is owing to the 
fact that the overstrained accommodation gives way, and the eye then 
ceases to be properly focused. A short period of rest, during which the 
eyes look at distant objects or are kept closed, enables them to continue 
the work. But the same obscuration soon sets in again and compels 
another pause. These periods of enforced rest are the more frequently 
repeated and are of greater duration the longer the work is kept up. 
With them are associated pains in the eyes, and more especially pains 
in the forehead and headaches. The symptoms just described at first 
make their appearance only after quite prolonged work—i. e., toward 
evening. But afterward they keep coming on earlier and earlier all 
the time, so that the work has to be set aside after even a short period 
of exertion. After quite a prolonged rest—for example, after the repose 
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of Sunday or upon laying work aside for several weeks—the symptoms 
probably disappear for a number of days in succession, but only to 
appear again in the old way and in an even more aggravated fashion. 
They are dependent upon an exhaustion of the ciliary muscle, and are 
hence comprised under the name of asthenopia accommodativa to dis- 
tinguish them from asthenopia muscularis (see page 544), and asthe- 
nopia nervosa (see page 451). 

The injurious effect of hypermetropia upon vision at near-points 
furthermore finds expression in the fact that presbyopia sets in earlier 
than in emmetropic eyes. At the same age—i. e., with the same range 
of accommodation—the near-point of the hypermetrope is situated 
farther from the eye than is that of the emmetrope. In an emmetrope 
of thirty-three years with a range of accommodation of 6 D, P Jies at 
17 centimetres (100+ 6= 17). A hypermetrope having a hyperme- 
tropia of 2D would at the same age and with the same range of 
accommodation have his near-point at 25 centimetres (correspond- 
ing to 4D), since he has to use 2D of his range of accommodation 
for correcting his hypermetropia. Such a hypermetrope, therefore, 
would be already on the threshold of presbyopia at the age of thirty- 
three. 

The shortness of the eyeball, which is the cause of hypermetropia, is 
congenital. Almost all new-born children are hypermetropic, their 
eyes being originally constructed too short in proportion to the re- 
fractive power of the media. As the child grows the eyeballs elongate 
in proportion, so that they acquire their requisite axial length and _ be- 
come emmetropic—indeed, the elongation may even shoot beyond the 
mark and pass into myopia. On the other hand, the elongation of 
the eye may fail to take place to a sufficient degree, so that a certain 
amount of hypermetropia remains during the whole life. This is the 
typical hypermetropia of which we are speaking. Higher degrees of it 
can be recognized by external examination of the eye, which shows 
that the eyeball is distinctly diminished in size, and that the anterior 
chamber is shallower and the pupil more contracted than usual. If 
the eye is turned strongly inward, we see that the equatorial region of 
the ball, which comes into view in the outer part of the palpebral 
fissure, presents a particularly sharp curve as it turns backward, and 
thus gives evidence of the shortness of the axis of the eyeball. The 
ophthalmoscope shows that the interior of the eye is sound. The 
hypermetropic eye, accordingly, is an optically defective but otherwise 
healthy eye, as opposed to the myopic eye, which is diseased, and is 
hence threatened by dangers of various kinds. 

In the extreme degrees of hypermetropia, however, the eye is no 
longer normal as a whole. It is abnormally small even from the time 
of birth (slight degree of microphthalmus), and many of these eyes 
show other signs of disturbed development, such as a strikingly small 
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cornea, marked astigmatism, deficient visual acuity due to incomplete 
formation of the retina, and other congenital anomalies. 

Hypermetropia does not change in its amount in the later years of 
life ; it remains stationary.’ It is true that to the laity it appears as if 
it increased with years, because vision at near-points becomes steadily 
worse ; but this is not due to an increase in the error of refraction, but 
to a diminution in the power of accommodation, the result of which is 
that less and less of the hypermetropia is concealed all the time. 

Treatment.—There is no way of curing hypermetropia—i. e., of 
transforming it into emmetropia. All that we can do is to make vision 
distinct by means of properly selected glasses, and enable it to be per- 
formed without exhaustion. 

When the hypermetropia is not great and the range of accommoda- 
tion is good, glasses for distant vision are not as a general thing re- 
quired. In the contrary event, convex glasses are given which correct 
the manifest hypermetropia. Full correction of the total hyperme- 
tropia is indicated only in those cases in which we have to combat a 
strabismus convergens which is beginning to develop in consequence of 
the hypermetropia. 

Of more importance than the glasses for distance are those for near- 
points or for working. A priori it would seem best to have the hyper- 
metrope start at once by wearing that glass which corrects the total 
hypermetropia and so converts him into an emmetrope; but in that 
case he would soon quite forget altogether how to correct his hyperme- 
tropia by his accommodation in case of necessity. Should he then be 
accidentally deprived of his glasses he would be thrown into a very em- 
barrassing position, for he could no longer see clearly with his naked 
eye. We therefore confine ourselves to correcting the hypermetropia 
by glasses only as far as is required to relieve the asthenopia. For this 
purpose it is generally sufficient to give a glass which is somewhat 
stronger than the manifest hypermetropia. Inasmuch as the latter in- 
creases with the age, the hypermetrope must keep on getting stronger 
and stronger glasses. It is only when he has reached an age at which 
his range of accommodation = 0, and hence his whole hypermetropia 
has become manifest, that he can keep on using the same glasses, 

Formerly presbyopia and hypermetropia were confounded with each other. 
People saw a hypermetropic boy, whose eyes soon grew tired in studying, finally 
take up his grandfather’s glasses and then read well with them and without be- 
coming tired. This boy, they reasoned, must have the same sort of weakness 
in his eyes that his grandfather has, only that with him it has already set in in 
youth, and therefore is very serious. This ‘‘ hebetudo visus” was attributed to 
a weakness of the retina, and it was believed that it might possibly go on to 
blindness. The only thing which might have ameliorated the sufferings of the 
hypermetrope—namely, the use of glasses—was held to be particularly dan- 
gerous. 

Donders deserves the great credit of having discovered the true nature of 
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these conditions. The weak sight of the old man is presbyopia and has refer- 
ence to the accommodation. It is, however, not an anomaly of accommoda- 
tion, but a physiological state. The boy’s bad sight depends upon hyperme- 
tropia, which has nothing to do with the accommodation, but is an error of re- 
fraction that exists in the eye even when destitute of accommodation. The 
similarity of the two conditions lies in their having one symptom in common— 
namely, impairment of vision for near-points; and yet even in this regard there 
is an essential difference between the two. In presbyopia, distinct vision inside 
of a certain distance is simply impossible. In hypermetropia, distinct vision at 
near-points is generally still possible, but is associated with straining and ex- 
haustion of the eyes. 

Donders also has shown that the asthenopia of hypermetropes is not the 
symptom of a serious lesion of the eye, but is an evidence of fatigue consequent 
upon unfavorable optical conditions. As this can be corrected by simple optical 
devices, a countless number of men have since his discovery been rendered 
once more capable of work and have been freed from the dread of growing 
blind. 

Myopia is a state which is the direct opposite of hypermetropia, and yet 
there are cases in which these two conditions might be confounded with each 
other. When the hypermetropia has attained a very high degree, even the 
strongest effort of accommodation proves insufficient for rendering the vision at 
near-points distinct. Then the hypermetrope gives up altogether the attempt 
to focus his eye for near-points and holds the object as close as possible so as to 
get large retinal images, just as amblyopic patients do (see page 608). In this 
way very small print is often read well at a distance of a few centimetres, and, 
as at the same time distant vision is pretty bad, such a condition may easily be 
regarded as myopia. Examination with glasses and with the ophthalmoscope, 
however, will at once rectify the diagnosis. 

The difference in the capacity of the emmetropic, the myopic, and the hy- 
permetropic eye for close work is explained by the difference in the position of 
their region of accommodation. In emmetropia it has its normal position, in 
myopia it is carried inward (3, Fig. 148), and 1n hypermetropia it is displaced 
outward. For example, suppose that an emmetrope twenty years old has a 
range of accommodation of 10 D. His region of accommodation then extends 
from to a point 10 centimetres from the eye where his near-point is situated 
(1, Fig. 143). Let us compare with this an eye having the same range of ac- 
commodation but with a total hypermetropia of 4 D. In this case R lies 25 
centimetres (100 + 4 = 25) behind the eye. In the graphic representation of 
the region of accommodation annexed (Fig. 156), & is denoted, for purposes of 
more ready demonstration, as being situated on the farther side of o. [This 
assumption is justified by the following consideration.] Rays coming to the eye 
from a finite distance are divergent. The farther the starting-point of the rays 
is situated from the eye the more does the divergence of the former decrease, 
finally disappearing altogether and being replaced by parallelism when infinite 
distance has been reached. If now we could go beyond infinite distance, the 
parallelism of the rays would be transformed into convergence. As now in 
hypermetropia the far-point is the place from which rays that are convergent 
emanate, the custom is to denote them as being situated beyond infinity, and in 
the example selected at a distance of 25 centimetres (corresponding to 4 D) from 
it. To change its adjustment from this far-point to infinity, the eye must em- 
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ploy 4 D of its accommodation. Hence, out of its whole range of accommoda- 
tion of 10 D the eye has only 6 D left, and by means of this it is enabled to ap- 
proach to within 17 centimetres of the object. This distance, therefore, is the 
near-point (P) of the eye. Hence, the region of accommodation of the latter is 
displaced in comparison with that of an emmetropic eye having the same range, 
and in such a way that the near-point is made to recede 7 centimetres farther 
away, while at its extremity the region of accommodation extends somewhat 
beyond infinity. But as this latter portion can not be utilized, and, on the 
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other hand, the recession of the near-point hinders the vision of objects close 
by, the displacement of the region of accommodation is unfavorable to the 
availability of the eye for working purposes. 

The calculation of the range of accommodation in hypermetropia is made 
according to the same rules as in emmetropia. P can be found directly, R is 
determined by the convex glass which corrects the error. A= P— Rf; hence, 
in the example selected, A=6 D—(—4D)=10D. f& must be taken as a 
negative because it lies on the farther side of o. 

The approximate position of #, and consequently the Ht, can be estimated 
from the position of P, it being presupposed that we know the age and hence 
the range of accommodation of the subject. Since A= P— kh, R= P—A. 
If in the above example P had been found to be 6 D, and for the age of twenty 
A is assumed to be 10 D, we would have R=6 D—10 D= —4 WD. Hence, 
Gi — 4a): 


CHAPTER V. 


ASTIGMATISM. 


148. By astigmatism * (4s) we understand that refractive condi- 
tion of the eye in which parallel rays falling upon the eye are not at 
any spot brought to a common focus. This is the case when the curva- 
ture of the refracting media is irregular. We distinguish two kinds of 
astigmatism: regular and irregular. 


(a) Regular Astiymatism. 


This is present when the curvature of the refracting media is regu- 
lar in each meridian considered by itself, but the separate meridians 
are distinguished from each other by differences in curvature. The 
place in which regular astigmatism is ordinarily situated is the cornea. 
In Fig. 157, let v h v, A; represent the circumference of the cornea, and 
vv, its vertical meridian, which has a curvature such that the rays pass- 
ing through it come to a focus at f. In the meridian immediately ad- 
joining the curvature becomes a little greater, and in the succeeding 
meridians it increases still more, so that it reaches its maximum value 
in the horizontal meridian, f h,. The rays passing through the latter 
may be supposed to intersect at a point as near as f;. In this case we 
would have one meridian (the horizontal one) which refracts rays most 
strongly, and one perpendicular to it (the vertical meridian) which re- 
fracts most feebly; and corresponding to these are the most anterior 
and posterior foci, f, and f. ‘These two meridians thus distinguished 
from the others are called principal meridians; those meridians lying 
between them represent all intermediate stages of curvature and re- 
fractive power, and the rays passing through them cut the optical axis 
in the portion lying between fand f,. We see that when the refract- 
ing surface is of this character there is no point at all at which all the 
rays passing through the surface will unite. The image of a point 
cast by such a surface is therefore not a point, but a diffusion-circle. In 
reality, however, the image does not always have a circular shape. On 
the contrary, its shape depends upon the spot where the retina is situated 
and cuts the conical beam of rays. Let us assume that the retina is 
at the point marked 7. Here the rays passing through the horizontal 


* From 4, privative, and orfyua, point. 
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meridian are already brought closer together than those incident upon 
the vertical meridian ; hence the section of the cone of rays is an erect 
ellipse. At 2, where the rays of the horizontal meridian come exactly 
to a focus, the image of the,point is a vertical line. In the same way 
the shape of the cross-section of the beam—i.e., the shape of the 
diffusion-image of the point—can be ascertained for the more pos- 
teriorly situated points from 3 to 7. This cross-section is sometimes 
an erect or horizontal ellipse, sometimes a vertical or horizontal line, 
according as it is more or less distant from the refracting surface. It 


Fie. 157.—REFRACTION OF THE Rays IN REGULAR ASTIGMATISM. 


is only at 4 that there is really a diffusion-circle, because here the rays 
passing through the horizontal meridian diverge to the same extent 
that those of the vertical meridian converge. 

The vision of an astigmatic person is not simply indistinct, like that 
of one who is near-sighted or far-sighted, but presents special pecul- 
iarities on account of the elongated form of the diffusion-images. Cir- 
cular surfaces—e. g., the full moon—appear elliptical. Straight lines 
sometimes look distinct, sometimes indistinct, according to the direction 
that they take. Let us assume that we have before us an astigmatic 
who sees the diffusion-image of a point under the form of a vertical 
line (2, Fig. 157). If this man looks at two lines standing perpen- 
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dicular to each other (A, Fig. 158), the horizontal line appears broad- 
ened and indistinct but the vertical line seems sharply defined. For, we 
may imagine these two lines to be composed of an infinite number of 
points. Each one of these points appears upon the retina of the astig- 


Fic. 158.—RETINAL IMAGES IN REGULAR ASTIGMATISM. 


A, two lines placed perpendicular to each other ; B, their image upon the retina of an astig- 
matic person. 


matic patient under the form of a short vertical stroke, and the hori- 
zontal line therefore appears under the form of a series of such vertical 
strokes, which coalesce and constitute a band of a certain degree of 
breadth (B, Fig. 158). In the vertical line the vertical strokes are 
superimposed and cover each other, so that the line appears sharply de- 
fined. Only the uppermost and lowermost diffusion-lines extend beyond 
the terminal points of the vertical line and make it seem somewhat 
longer than it is. Thus, for every astigmatic person there is one direc- 
tion in which straight lines appear most distinct, and one, perpendicular 
to it, in which they appear most confused. Most people looking atten- 
tively at Fig. 159 will find that, of the radii of the star, two situated 
opposite to each other are distinguished by being particularly black, 
while the radii which are placed perpendicular to them are the ones 
that look most pale and hazy. If one is unable to perceive this phe- 
nomenon with the naked eye, he can readily do so if he makes himself 
artificially astigmatic by placing a cylindrical glass before his eye.* 
The principal meridians usually intersect at a right angle, and the 
cross formed by them is generally vertical, more rarely oblique. The 
rule is, that the vertical meridian has a greater curvature than the hori- 
zontal; but the reverse condition (selected for Fig. 157 because of 
being more readily represented) also occurs, and is then known as “as- 
tigmatism against the rule.” The degree of astigmatism is expressed 
by the difference between the meridians of greatest and of least re- 
fraction. As long as this difference remains below 1 D the astigma- 
tism may be regarded as physiological, since most eyes are affected with 
a slight error of curvature of this sort; but as soon as the astigmatism 


* In default of this, an ordinary convex or concave glass may be used, which is 
held obliquely before the eye. 
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amounts to 1 D or over it must be regarded as pathological. It then 
affects the visual acuity, and in many cases causes asthenopic troubles, 
since the patients endeavor to compensate for the astigmatism by mak- 
ing an unequal effort of their accommodation. 

The determination of astigmatism must be undertaken, whenever in 
making our tests, perfect vision can not be attained with spherical 
glasses. It is performed as follows: We first try to find the direction 
of the two principal meridians by making the astigmatic subject look 
at lines drawn in different directions—as, for instance, those in Fig. 
159. That line which looks most distinct (blackest) gives the direction 
of one principal meridian ; the direction of the other principal meridian 
is perpendicular to this. We now begin by placing a stenopezic slit 
before the eye in the direction of one meridian in order to determine 
the refraction in the ordinary way with glasses in this meridian alone 
to the exclusion of all the others. The same thing is then done for 
the meridian perpendicular to it. The difference between the refrac- 
tion of the two principal meridians gives the degree of astigmatism. 

Various kinds of astigmatism are distinguished, according to the 
character of the refraction of the principal meridians. If one merid- 
ian is emmetropic and the other hypermetropic, the condition is called 
simple hypermetropic astigmatism; but if both meridians are hyper- 
metropic, it is compound hypermetropic astigmatism. In analogous 
fashion we speak of simple and compound myopic astigmatism. If 
one meridian is hypermetropic and the other myopic, the condition is 
known as mixed astigmatism. 

The cause of regular astigmatism in the great majority of cases is a 
congenital irregularity of the curvature of the cornea—a condition 
which is apt to be transmitted by 
heredity. High degrees of con- 
genital astigmatism are associated 
not infrequently with other defects 
in the development of the eye, in 
which case it is impossible, even 
with perfect correction of the as- 
tigmatism, to bring the visual acu- 
ity up to the normal pitch. Con- 
genital astigmatism is often pres- 
ent in both eyes, although not 
always in the same degree, and the 
direction of the principal merid- 
lans is apt to be symmetrical in Fig. 159.—Txst-opsECT FOR DETERMINING THE 
the two eyes. Acquired astigma- ee 
tism may have its cause in the cor- 
nea or in the lens. The former variety occurs when the curvature of 
the cornea has been altered, either because of diseases affecting it, or 
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still more frequently because of operations. After every cataract opera- 
tion, and in fact even after an iridectomy, a certain degree of corneal 
astigmatism develops, which indeed diminishes with the consolidation 
of the cicatrix, but seldom disappears entirely. The lens gives rise to 
regular astigmatism when it is obliquely placed, as, for example, in case 
of subluxation. This state of things can readily be imitated experi- 
mentally if, as was said above, we look through a spherical lens ob- 
liquely. The print then looks as if in a state of astigmatic distortion, 
and the separate radii of Fig. 159 seem to differ in distinctness. Ac- 
cordingly, an obliquely placed spherical lens acts also as a cylindrical 
one. Many astigmatic patients who wear spherical glasses hit upon 
this fact themselves; to see better, they place their spherical glasses in 
such a way as to look obliquely through them. 

The treatment of astigmatism consists in correcting it as precisely 
as possible by means of cylindrical glasses. In this way distinct vision 
can be secured, and at the same time the asthenopia is relieved. 


(6) Irregular Astigmatism. 


149. Irregular astigmatism occurs when the curvature in any one 
single meridian is not everywhere alike, so that the rays passing through 
the same meridian are never united into one point. A certain degree 
of irregular astigmatism must be regarded as physiological, as it exists 
in every eye, its location being the lens. The individual sectors com- 
posing the latter do not all have the same refracting power, this being 
probably due to unequal curvature of their surfaces. Accordingly, the 
images of a point which these sectors cast do not all fall upon the same 
spot in the retina, although they come so close together that for the 
most part they overlap. For this reason even a normal eye does not 
see a star, which is really nothing but a mathematical point, as such, 
but under a stellate form—i. e., provided with radiating projections. 
The rays of the star are simply the images produced by the separate 
sectors of the lens, the central ends of these images meeting in the cen- 
ter of the star. 

Under pathological conditions—e. g., in beginning opacity of the 
lens—this lenticular astigmatism is so much increased as to give notice- 
able trouble. As the refractive power of the separate sectors of the 
lens becomes more and more different, the images produced by them 
recede farther and farther apart, so that ultimately they appear entirely 
distinct from each other. It is in this way that monocular polyopia 
develops in incipient cataract (see page 365). A very high degree of 
irregular astigmatism occurs in subluxation of the lens when the len- 
ticular displacement is so considerable that part of the pupil still has 
the lens in it and part is aphakic. 

Pathological irregular astigmatism originates from the cornea even 
more frequently than it does from the lens. It is found in this situa- 
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tion as an accompaniment of marked regular astigmatism, and still 
more often in consequence of pathological processes—e. g., in faceting 
of the cornea after ulceration, or in flattening or ectasis of the entire 
cornea. 

Irregular astigmatism makes objects appear irregularly distorted, 
and sometimes also look multiple, and in this way diminishes the visual 
acuity. It is impossible to correct it by glasses. In many cases of 
irregular corneal astigmatism a stenopzxic slit is of service for making 
out minute objects (see page 601). 


The sort of regular astigmatism which is present, whether hypermetropic, 
myopic, cr mixed, does not depend upon the curvature of the cornea, but upon 
the situation of the retina. If the latter is situated at point 2 (Fig. 157), where 
the rays passing through the horizontal meridian come to a focus, this meridian 
has an emmetropic refraction. But the vertical meridian is hypermetropic, since 
the rays passing through it would meet behind the retina. In this case, then, 
there would be simple hypermetropic astigmatism. If the position of the retina 
were farther forward—e. g., at 1—both meridians would be hypermetropic; 
that is, compound hypermetropic astigmatism would be present. If the retina 
were situated at any point between 2 and 6, the rays passing through the _hori- 
zontal meridian would have their focus in front of the retina, those passing 
through the vertical meridian behind it, and mixed astigmatism would exist. 
If the retina is situated at 6, simple hypermetropic astigmatism is present, be- 
cause there is emmetropia for the vertical meridian and myopia for the horizon- 
tal meridian. Finally, if the retina should be situated still farther back—that 
is, behind the foci of both meridians—myopia would be present in both the 
latter, or there would be compound myopic astigmatism. Hypermetropic as- 
tigmatism is of the most frequent occurrence; mixed astigmatism is the rarest. 

The vision in regular astigmatism is distinguished from the vision in other 
errors of refraction by the fact that objects are distorted, and that not all their 
parts are seen with the same indistinctness. If the principal meridians are re- 
spectively vertical and horizontal, the horizontal strokes of the letter # will 
appear distinct, the vertical ones indistinct, or vice versa. The astigmatic sub- 
ject then tries from the parts which he does see to guess the rest. If we test 
the visual acuity of a myope at a distance of 6 metres, he will read Snellen’s 
test-types well down to a certain line, and then stops because he does not see 
any farther down. The astigmatic patient, on the contrary, often reads the 
whole card down to the bottom, but tells almost every letter wrong. In fact, 
he takes refuge in guessing—an attempt, however, which gives rise to a peculiar 
and very unpleasant form of asthenopia. Another cause of asthenopia lies in 
the endeavor of the astigmatic patient to correct his astigmatism by means of 
his accommodation. For this to be effected, it is necessary that the act of ac- 
commodation shall take place with a varying degree of force in the separate 
meridians of the lens. That this can be done, is proved by the fact that after 
atropinization the astigmatism is not infrequently found to be considerably 
higher than before (Dobrowolski). 

How astigmatism is determined and corrected may be illustrated by the 
following example: We first make the astigmatic patient look at Fig. 159, or 
some similar one, and thus determine that the horizontal radii of the star ap- 
pear blackest. From this we conclude that vertical lines are seen distinctly, 
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because the horizontal radii are composed of vertical lines. If vertical lines 
appear distinct, the diffusion-lines or diffusion-ellipses must be vertical (Fig. 
158)—i. e., the adjustment for the horizontal meridian must be correct, or at 
least be better than the adjustment for the vertical meridian. We now place 
the stenopzic slit before the eye, in the horizontal meridian first, and deter- 
mine the refraction of the latter by means of spherical glasses. Suppose that 
this refraction is M=1D. In the succeeding test of the refraction which is 
made with the slit in the vertical position a myopia of 3D is found. Accord- 
ingly, myopic astigmatism (A m) is present, and one, namely, of 2D, since the 
degree of astigmatism is given by the difference in refraction of the two merid- 
ians. The correction of this astigmatism would have to be made by two con- 
cave cylindrical glasses, the axes of which run vertical and horizontal. The 
cylindrical glass refracts most strongly in the direction perpendicular to its axis 
(see page 601). Hence, to correct the horizontal meridian, we must place a 
cylindrical glass of —1D with the axis vertical, and for the vertical meridian a 
glass of —3 D with the axis horizontal. This is written as follows: 
—1D cyl. vert. SC — 3D cyl. horiz.* 

In cases where the sign of both cylinders is the same, a simplification of the 
combination is obtained in the following way: If, in the example chosen, we 
give a spherical glass of — 1 D, this will correct the horizontal meridian to the 
point of emmetropia, and the vertical meridian to 2D. To get the complete 
correction, therefore, we only need to add to the spherical glass a — 2 D cyl. 
horiz. We would therefore prescribe 

—1D sph. C — 2D cyl. horiz. 

As can be seen from the example above given cylindrical glasses may be 
combined with cylinders and also with spherical glasses, and they may like- 
wise be combined with prisms. Cylinders should not be used under the form 
of eye-glasses, but only under that of spectacles—i. e., in a frame which insures 
the axes of the glasses being in proper position. 


* [According to the notation prevailing in this country, this would be written: 
—1:00 cyl. axis 90° T — 3-00 cyl. axis 180°. So also the equivalent formula, men- 
tioned just afterward, would be written: — 1:00 sph. © — 2:00 cyl. axis 180°. In 
this notation the direction of the axis is indicated by the angle which it makes with 
the horizontal, the angles being numbered continuously from 0°, which is situated 
at the left side of either eye (nasal side of the right eye, temporal side of the left 
eye), round to 180° at the right side of the eye. This is shown in the following 
diagram: 

FRONT VIEW 
¥y 
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Copyrighted, 1888, by E. B. Meyrowrrz, 
Fia. 159A, 


Another system is in vogue in the Ophthalmic and Aural Institute in this city. 
According to this notation the vertical meridian is indicated by 0° or V, and from 
this point the angles are numbered on either side to 90° (or A’), which is the hori- 
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The result which we obtain by the methodical method of determining the 
astigmatism above described we can get at more quickly in the following way: 
If we suspect astigmatism, we put on a weak cylindrical glass and rotate it be- 
fore the eye. If there is no astigmatism worth mentioning, the patient sees 
worse through the cylindrical glass, no matter what direction it occupies in 
front of the eye. But if astigmatism is present, the sight will become better 
when the glass is in a certain position, worse when it is in another. In this 
way we find the direction of the principal meridians. Then, convex or concave 
cylinders of varying strength, and either alone or combined with spherical 
glasses, are successively placed before the eye in a direction corresponding to the 
principal meridians, until the best combination has been found. 

It is unnecessary to correct every case of astigmatism; this is done only 
when the astigmatic patient wishes to see more distinctly, or when he has as- 
thenopic troubles from his astigmatism. 

The objective determination of astigmatism can be made in different ways. 
Astigmatism manifests itself to the ophthalmoscope by the alteration in the 
shape of the papilla, which in regular astigmatism appears elongated either 
lengthwise or laterally; in irregular astigmatism it appears irregularly distorted. 
In the erect image, in cases of regular astigmatism, the horizontal and vertical 
vessels are not seen distinctly at the same time, as, owing to the difference in 
their refraction, they require different correcting glasses. It is on account of 
this fact that it is possible to determine the astigmatism with the erect image 
by finding for each of the two principal meridians the correcting glass with 
which the vessels of this meridian are seen most distinctly. Astigmatism can 
also be made out and measured by means of keratoscopy, and by following 
Schmidt-Rimpler’s method. 

Regular corneal astigmatism can be determined by measuring directly the 
radii of curvature of the individual corneal meridians. This is effected by the 
ophthalmometer, of which the principal varieties in use are that of Helmholtz 
and the more recent one of Javal and Schiétz. The former is chiefly of service 
for precise, scientific examinations; the latter is more adapted for practical pur- 


zontal, those angles on the temporal side being indicated by ¢, those on the nasal 
side by n. This system is shown in the following diagram : 
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In each eye the position of the axis of the cylinder is denoted by the angular deviation of it 
Gener end fon tie vertical meridian (v or 0°) either on the nasal or on the temporal side, and is 
written 57 = 5° nasal, 5¢ = 5° temporal, etc., down to h = 90° (horizontal). 


Both systems are also employed for indicating the direction of the axis of a 
prism—e. g., prism 1°, apex at 75°, indicates a prism of 1° refracting angle with its 
apex turned to the left 15° from the vertical.—D.] 
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poses on account of the rapidity with which the measurements can be made. A 
very useful instrument for determining whether there is actually any great 
amount of astigmatism present is Placido’s keratoscope. This consists of a disk 
of cardboard, one surface of which bears a number of black concentric rings upon 
a white ground. An aperture in the center of the disk, and corresponding to 
the center of the rings, allows the observer to look through the disk. The 
disk is held so that the side with the rings upon it is turned toward the eye that 
is being examined, and so that the plane of the disk is parallel to the base of 
the cornea. If now we look through the central aperture at the eye, we see the 
rings mirrored upon its cornea. If the cornea has the normal curvature, these 
rings appear perfectly circular; if not, the rings are transformed into ellipses, 
or show irregular bulgings, according as regular or irregular astigmatism is 
present. 


150. Anisometropia.*—By anisometropia is meant a difference in 
the refraction of the two eyes. One eye may be emmetropic and the 
other myopic, hypermetropic, or astigmatic, or both eyes may be ame- 
tropic, but in a different way. In this regard all possible combinations 
occur. 

Anisometropia not infrequently is congenital, and then, at least in 
the higher degrees of it, often manifests itself even upon external in- 
spection by an asymmetrical formation of the face and of the skull. 
Acquired anisometropia most frequently originates from the circum- 
stance that the change taking place in the refraction during life, such 
as the decrease in a hypermetropia or the development of a myopia, does 
not advance at the same pace in both eyes. Very high degrees of ani- 
sometropia develop when one eye is normal, but the other, in conse- 
quence of a cataract operation, has become very hypermetropic. 

A correction of anisometropia without the aid of glasses would be 
conceivable only as the result of an effort of the accommodation differ- 
ing in the two eyes; but this the eyes are incapable of doing, at least 
to any noteworthy extent. Accordingly, the anisometrope never sees 
distinctly with both eyes at once. This, however, gives him so little 
inconvenience that many persons do not become aware of the fact that 
they are not seeing equally well with both eyes until the tests of vision 
which the physician institutes are made. Moreover, if the difference 
in the refraction is not too great, binocular vision is not disturbed by it. 
Both images, even though they are of unequal distinctness, are super- 
imposed and made to coalesce. In the high degrees of anisometropia, 
however, strabismus very frequently sets in This may be either diver- 
gent or convergent, and under these circumstances is very frequently 
alternating, particularly when one eye is hypermetropic, the other 
myopic (see page 569). 

The obvious course to pursue would seem to be to correct the ani- 
sometropia by ordering different glasses for the two eyes. Nevertheless, 


= re tey See 
* From 4, privative, toos, equal, and pérpov, measure. 
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this measure in most cases proves impracticable. If the difference be- 
tween the two glasses is somewhat great, the patients complain of an 
unpleasant sensation in the eyes, of vertigo, headache, etc., and lay the 
glasses aside. ‘This fact is explained in the following way: Glasses 
alter not only the distinctness but also the size of objects. This is en- 
larged by convex and diminished by concave glasses, and the more so 
the stronger the glass is. With different glasses the retinal image of 
the same object is altered in size, more in one eye and less in the other ; 
the images then no longer match one another, and can not be perfectly 
superimposed. We therefore prefer in anisometropia either to give the 
same glasses for both eyes, or to correct only one eye and place a plane 
glass before the other. In doing this we always have regard to the 
better eye, namely, the one which appears more efficient for the pur- 
pose in view (distant or near vision). 


CHAPTER VI. 
ANOMALIES OF ACCOMMODATION. 


151. Paralysis of Accommodation.—Paralysis of accommodation is 
diagnosticated from the diminution of the range of accommodation 
(A). To make this diagnosis it is necessary that we determine the far- 
point and near-point, and from them calculate the range. The range 
found is compared with that which the patient ought from his age to 
have in accordance with the values set forth by Donders (Fig. 147), 
and from this a conclusion is drawn as to whether the range falls below 
the normal, and, if so, how far. 

The disturbance which paralysis of the accommodation causes varies 
greatly according to the refractive condition of the eyes. If an emme- 
trope is affected with paralysis of the accommodation, reading and 
writing become perfectly impossible, or at least, in case of incomplete 
paralysis (paresis of accommodation), very difficult, and possible for 
only a few moments at a time. Distant vision, for which the emme- 
trope does not require to use the accommodation, is not affected. In 
the hypermetrope paralysis of accommodation makes itself still more 
noticeable, since without accommodation he sees poorly even at the dis- 
tance. The reverse is true of the myope, to whom the abolition of 
accommodation causes little or no inconvenience; and in the higher 
degrees of myopia a paralysis of accommodation is often discovered 
only accidentally at the time when a careful examination is being made. 

Paralysis of the accommodation arises from a paralysis of the ciliary 
muscle or of the oculomotor nerve which supplies this muscle. It may 
be simply one of the symptoms of a complete oculomotor paralysis, in 
which case its etiology agrees with that of oculomotor paralysis in gen- 
eral (see page 554). But in many cases the paralysis of accommoda- 
tion exists alone, or is at most associated with a coincident paralysis of 
the sphincter pupille. ‘These two intrinsic muscles, which under physi- 
ological conditions act in conjunction, are also commonly paralyzed to- 
gether, so that the paralysis of accommodation is combined with mydri- 
asis paralytica (ophthalmoplegia interna). The causes of paralysis of 
accommodation (with or without paralysis of the pupil) with which we 
are acquainted are as follows: 

1. Diphtheria.—Paralysis of accommodation belongs among the 
post-diphtheritic paralyses—i. e., those which usually develop in the 
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stage of convalescence. The most common of these, besides the paral- 
ysis of accommodation, is paralysis of the soft palate, which manifests 
itself in the nasal character of the speech and also by frequent attacks of 
choking during eating andsdrinking. Paralyses of the sphincter pupil- 
le or of the other eye-muscles, of the muscles of the extremities, or of 
the trunk itself, occur less often. Diphtheritic paralysis of the accom- 
modation affects both eyes, and is usually not associated with paralysis 
of the sphincter pupille.~ It generally passes away of itself in one or 
two months as the patient gains in strength, and hence affords a good 
prognosis. Cases of paralysis of accommodation consequent upon in- 
fluenza, which were analogous in their behavior to post-diphtheritic 
paralyses, occurred pretty frequently during the last epidemic. 

2. Poisoning.—The most complete paralysis of accommodation, 
combined with paralysis of the pupil, is produced by atropine and the 
other mydriatics. These act not only when administered internally, 
but also locally when introduced into the conjunctival sac. The cases 
in which paralysis of the accommodation, together with symptoms of 
general poisoning, have been observed after eating spoiled meat, sau- 
sages, fish, etc., likewise probably depend upon poisoning by alkaloids, 
which in this case are the alkaloids of putrefaction (ptomaines). 

3. Syphilis and diabetes. 

4. Severe affections of the central nervous system (e. g., tabes). 

5. Contusions of the eyeball. 

The treatment of paralysis of the accommodation must first of all 
be regulated according to the lesion which lies at the bottom of it, and 
seek to effect the cure of this latter by appropriate means. In post- 
diphtheritic paralysis we institute corroborative measures, giving hearty 
nourishment, wine, iron, quinine, etc., and ordering a warm bath 
daily or every other day. For local treatment, the miotics, pilocarpine 
and eserine, are employed. These, besides contracting the pupil, also 
produce a spasm of the accommodation by contracting the ciliary mus- 
cle. This, however, is not of long duration, any more than the miosis 
is; after some hours the muscle relaxes again and the paralysis returns. 
Nevertheless, the contraction of the muscle produced by the miotic ap- 
pears sometimes to exert a favorable influence upon the paralysis itself, 
perhaps acting in the same way as faradization does when it produces a 
good effect in paralyses. In addition, the constant current is employed. 
As long as the paralysis is still recent the eyes should not be strained in 
any way, but in older paralyses work may be facilitated by means of 
the appropriate convex glasses. 

In paralysis of the accommodation, whether produced by disease or artifi- 


cially by a mydriatic, the statement is frequently made that objects appear smaller 
than usual (micropsia).* This phenomenon is explained in the following way: 


* [From puxpés, small, and dis, appearance.—D. ] 
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We estimate the size of an object from the size of its image upon the retina 
taken in connection with the distance at which we judge the object to be situ- 
ated. An object of certain size seen at a certain distance gives us a retinal 
image of certain size. If the object is approximated to one half the distance, 
its retinal image becomes twice as great. If this were not the case, and the 
retinal image remained of the same size when the object was approximated, we 
would infer that the object itself had been reduced to one half its former size. 
It is this mistake that we fall into in case of paralysis of the accommodation. 
Since in this condition the act of accommodation for any given distance of the 
object costs us a greater effort than under other circumstances, we estimate the 
accommodation at too high a figure, and hence believe the object to be nearer 
than it really is; but as the retinal image is no larger, we think that the object 
itself has diminished in size. The same phenomenon manifests itself when an 
emmetrope looks through concave glasses; these make objects look smaller to 
him; for, to overcome the concave glasses, he must strain his accommodation. 
Now, without being distinctly aware of this strain, he yet infers from it that ob- 
jects are nearer than they are, and thus the latter, since their retinal images are 
not any larger, seem smaller to him. The converse phenomenon, by virtue of 
which objects appear larger than normal—macropsia*—is observed in spasm of 
the accommodation. This, too, originates in a delusion as to distances, resulting 
from the disturbance of the accommodation. 

To show how a paralysis of accommodation is diagnosticated, I will adduce 
here the following case: In May, 1887, a boy ten years of age was brought to 
me by his mother because for some weeks he had been unable to read and write. 
At the same time the unusual width of his pupils had attracted his mother’s 
attention. I found before me a delicate, pale lad, whose pupils at the time he 
was brought to me showed once more their normal size and mobility. The boy 
could read with his naked eye all the lines on Snellen’s test-card hung up at a 
distance of 6 metres, hence he had normal vision. From this fact alone it was 
possible to draw the inference that it could not be a case of opacities of the 
media, disease of the chorioid or retina, or the like, as by these the visual acuity 
would necessarily be diminished for all distances. It could only be an anomaly 
of refraction or accommodation that was in question. He was not near-sighted, 
since otherwise he would have been unable to read the smallest letters of 
Snellen’s test-card at a distance of 6 metres, but he might perhaps have been 
hypermetropic. Accordingly, I put a very weak convex glass before his eye; 
as with these his distant vision at once became indistinct, hypermetropia too 
was excluded. Hence there was emmetropia, and his incapacity to read could 
only depend upon a disturbance of accommodation. This was at once con- 
firmed by the fact that the boy with + 3D read the finest print fluently. The 
print then could be brought to within 13 centimetres of the eye; his near-point, 
therefore, lay at this distance. Expressed in dioptres, P= 8D (100:18 = 8) 
and A = P —R= 8D, since the boy was emmetropic, and hence R= o = 0 D. 
But the range of accommodation of 8D had been determined with the aid of 
the + 3D glass which had been placed before the eye, and which, therefore, 
had to be subtracted in order to ascertain the true range; this accordingly was 
only5D. At the age of ten the image should have been 14 D; the boy’s range, 
therefore, was upward of 9D too small. There was paresis of accommodation. 


* [From paxpés, long, and és, appearance.—D. | 


ANOMALIES OF ACCOMMODATION. 663 


To my question as to an antecedent diphtheria, the mother professed to have 
no knowledge of any such occurrence. It was only after further questioning 
that she remembered that the boy had had, the Christmas before, an inflamma- 
tion of the throat, which, however, had not been at all severe, and which the 
physician had said was not diphtheria. After this attack of inflammation in 
the throat the boy had been feeble for a remarkably long time, so that since that 
date he had not been able to go to school; the glands in the neck had become 
greatly swollen, so as to be visible externally. Later still the boy had become 
hoarse; he had got a nasal voice, and could not pronounce certain letters and 
syllables (paralysis of the soft palate). This symptom, like the dilatation of the 
pupils, had already disappeared when I first saw him. 

The boy was given generous nourishment and a tonic (ten drops of a mixt- 
ure of equal parts of Fowler’s solution, and the tinctura ferri pomata, twice a 
day in a glass of wine); in addition, every second day a warm bath, and finally 
every morning and evening a drop of a one-per-cent solution of pilocarpine in 
each eye. The effect of the pilocarpine during the first few days continued only 
eight to ten hours after the instillation, but afterward became more and more 
lasting all the time. After ten days, at which time the boy had had for two 
days no pilocarpine in his eyes, he could read the finest print with his naked 
eye up to 13 centimetres—i. e., he had a range of 8D. The accommodation, 
therefore, was not yet normal, but he could already do his work without 
trouble, and later still doubtless regained his full power of accommodation. 
This case is instructive, for it shows that diphtheria need not run a severe 
course in order to have paralysis of the accommodation follow it—a fact which 
also holds good for the other post-diphtheritic paralyses. In this instance the 
diphtheria could not be recognized as such while it was still recent; but that 
it was a case of true diphtheria was apparent from the long-continued disturb- 
ance of the health, the marked swelling of the glands, and the paralysis of the 
soft palate, of the pupil, and of the accommodation. 

After severe diseases there is a weakness of the accommodation which often 
lasts for quite a long time, but which is no more to be regarded as a paresis 
than is the muscular weakness of convalescents in general. The range of ac- 
commodation in these cases is normal, but its lasting power is defective, so that 
exhaustion and asthenopic troubles speedily set in. This weakness of accom- 
modation disappears of itself in proportion as the strength of the patient comes 
back, 

A reduction of the accommodation is furthermore found in the prodromal 
stage of glaucoma and in sympathetic ophthalmia. 

It is evident that the accommodation is completely abolished when the lens 
is luxated, or is removed altogether from the eye, but such cases are not prop- 
erly designated by the name of paralysis of the accommodation. 


Spasm oF THE ACCOMMODATION. —The instillation of atropine, besides caus- 
ing paralysis of the accommodation, usually results also in a slight change of the 
refraction, which in fact becomes somewhat lessened. If, for example, there was 
emmetropia before, the eye after atropinization is slightly hypermetropic. The 
slight reduction of the refraction produced by atropine corresponds to the tonic 
contraction (tone) of the ciliary muscle which is constantly present, and which 
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_ disappears only when the muscle is paralyzed. But if upon the use of atropine 
the refraction is diminished to a greater extent —i. e., to 1D or more—the con- 
dition then can not be regarded as representing the tone of the ciliary muscle, 
but must be looked upon as a spasm of the latter. This spasm develops in con- 
sequence of continual near-work, as the accommodation, when it is strained all 
the time, at length gets to be in such a state that it can no longer be relaxed. 
It is found only in young persons, and most frequently in myopic eyes, which 
then appear more myopic than they really are. But spasm of the accommodation 
also occurs not infrequently in emmetropic and hypermetropic eyes, making the 
former appear myopic; the latter appear less hypermetropic than they are, or 
even emmetropic or myopic. Spasm of the accommodation disappears spon- 
taneously when, as age advances, the range of accommodation diminishes. 
But before this occurs it may have given rise to true myopia. It is combated 
by the instillation of atropine, which must be kept up for quite a long time 
(four weeks and more). Unfortunately, in most cases when the atropine has 
been discontinued, the spasm returns after a shorter or longer interval. 

An artificial spasm of accommodation of high degree combined with con- 
traction of the pupil develops after the instillation of a miotic. 


DAR TALY2 
OPERATIONS. 


CHAPTER i 
GENERAL REMARKS. 


152. THE antiseptic method, which represents the greatest progress 
made in surgery during recent times, has also produced an essential 
improvement and greater certainty as to results in the special domain 
of operations upon the eye. It is therefore the first duty of every oper- 
ator upon the eye to proceed in a perfectly aseptic and antiseptic man- 
ner. In operations upon the eye we have less to do with antisepsis 
than with asepsis; we do not have to disinfect a contaminated wound, 
but to make a wound that is clean and keep it from contamination. 

Contamination of the wound may either be effected by means of 
the operator and his instruments or it may take its origin from the 
adnexa of the eyeball. To avoid the former, the hands of the operator 
must be well cleansed and then disinfected with a four-per-cent solu- 
tion of carbolic acid or a solution of corrosive sublimate (1 : 2,000). 
The delicate instruments which are used for operating upon the eyeball 
itself are best disinfected by boiling in distilled water, and the larger 
instruments by means of a solution of carbolic acid. To prevent in- 
fection of the wound by the conjunctival sac, the latter must be thor- 
oughly washed out with a sublimate solution (1 : 4,000) directly before 
the operation ; but the conjunctival sac affords special danger of in- 
fection only when decomposed secretion is present in it as a result of a 
lesion of the conjunctiva or lachrymal sac. In this case infection of 
the wound can not always be avoided even by the most careful disin- 
fection, for it is impossible to kill with certainty all the germs present 
in the conjunctival sac, since strong antiseptic solutions, such as are in 
use for other parts of the body, can not be borne by the eye. Moreover, 
we can not prevent the conjunctiva from continuing to secrete after 
the operation has been performed, and no more can we shut off com- 
pletely the communication that the conjunctiva has with the lachrymal 
sac and through the latter with the nose. For these reasons, before 
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proceeding to perform an operation, we ought to try first to relieve by 
appropriate treatment any lesion of the conjunctiva or lachrymal sac 
that may be present. In respect to the special case of blennorrheea of 
the lachrymal sac, its perfect cure, unfortunately, requires a very long 
time. Hence, in order to accomplish my purpose more quickly, I 
often either extirpate the lachrymal sac some days before the opera- 
tion, or I split its anterior wall, and, after suitable cleansing, fill it 
with iodoform powder. 

After the operation an aseptic dressing is applied. If the operation 
was upon the eyeball itself, directly after it has been completed we 
close the lids and place upon them first a pledget of sterilized gauze 
(iodoform gauze, sublimate gauze), and upon this lay a dressing of cot- 
ton, which is held in place by a bandage. Operation-wounds upon the 
conjunctiva or the lids are disinfected anew before the application of 
the dressing by flushing with sublimate solution, and are then sprinkled 
with iodoform powder, and over this the dressing is applied. 

Anesthesia for operations upon the eyeball is effected by cocaine, a 
five-per-cent solution of which is instilled several times into the con- 
junctival sac at intervals of a few minutes. The solution should be 
freshly prepared and filtered. After instilling it we must take care 
that the patient keeps the eye shut, because, as a result of the cocaine 
anesthesia, winking takes place with less frequency, and hence the cor- 
nea, if uncovered, is apt to become dry upon its surface. Cocaine anes- 
thesia lasts about ten minutes. It affects only the superficial parts, like 
the cornea and conjunctiva, while the iris remains sensitive. In iri- 
dectomy, for example, the grasping of the eyeball and the incision are 
not felt, but the excision of the iris is painful.* In operations upon 
the lids, several drops of the cocaine solution may be injected beneath 
the skin of the lids. Narcosis, with chloroform or ether, is required 
only for the major operations, such as enucleation,+ ete., and in 
children. 

153. In regard to operations upon the eyeball itself the following 
principles hold good : 

The separation of the lids is effected by means of lid-specula (blepha- 
rostats, elevators, or écarteurs). There are some which hold both lids 
open at once, keeping them apart by the elastic force of a spring 
(spring-specula), and others which are designed for one lid only and 
must be held with the hand (Desmarre’s lid-retractor). The eyeball 


* (If, however, the performance of the operation is delayed long enough (ten or 
fifteen minutes) after the first instillation of cocaine for the drug to pass through 
the cornea, the iris also may be completely anesthetized, and iridectomy is then per- 
formed absolutely without pain.—D. | 

+ [Even enucleation has been done under cocaine, the latter being injected into 
the deeper tissues of the orbit by means of a specially devised syringe with curved 
tip, which reaches behind the eyeball (syringe of J. A. White, of Richmond, Va.).—D.] 
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itself is fixed by grasping a fold of conjunctiva close to the corneal 
margin with a toothed forceps (Waldau’s fixation forceps) and holding 
it in place. 

In cases where it is important to exert no pressure upon the eyeball 
(as, for example, when it is desired to avoid escape of vitreous) we have 
the lids held apart by the finger of an assistant, and, wherever possible, 
abstain from grasping the eyeball with the fixation forceps. 

The incision which lays the eyeball open is made, as a rule, within 
the limits of the anterior chamber. . As this latter is bounded by the 
cornea and at its periphery by the most anterior portion of the sclera, 
the section may lie either in the cornea or in the sclera. We therefore 
distinguish sections with respect to— 

(az) Their position, into corneal and scleral. These differ from each 
other mainly in the following points: 1. In scleral incisions there is 
more tendency to prolapse of the iris than in those of the cornea (see 
the remark at the close of the following paragraph). Hence arises 
the necessity of excising the iris in scleral sections in order to prevent 
inclusion of the iris in the wound. For this reason such an operation 
as Von Graefe’s peripheric cataract-extraction is always combined with 
iridectomy. If, on the other hand, we wish to save the iris (as, for in- 
stance, in paracentesis of the cornea and in simple cataract-extraction), 
we will place our section not in the sclera, but in the cornea, and as far 
as possible from the edge of the sclera. 2. The sclera is covered by 
conjunctiva, and a wound in the sclera can therefore be provided with 
a conjunctival flap—a thing which is not possible in corneal sections. 
3. Scleral wounds are less apt to become infected than those in the 
cornea, because of the slighter tendency that the sclera exhibits toward 
purulent inflammation. Hence, before the introduction of antiseptic 
methods, scleral incisions gave better re- 
sults than did those in the cornea. At 
present, when infection is avoided in 
every possible way, this distinction is no 
longer of so very much weight. 

(4) In shape, incisions may be linear 
or curved. The former lie in a great 
circle of a sphere, and hence form upon 
the surface of the eyeball a line which is 
the shortest that can be made to connect 
the terminal points of the section (e af, 


6 4 . ‘os Fic. 160.—D1IFFERENT FORMS OF 
Fig. 160). The curved or flap incisions SmoTions IN THR CORNEA, 


correspond to a small circle of a sphere. 

Between the largest curved section (e d f, Fig. 160) and the linear 
section an infinite number of sections (ec f, eb f) may be conceived 
to exist, constituting the transition-forms between the two. These are 
curved sections of varying altitude; the linear section forms their infe- 
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rior limit, and may therefore be regarded as a curved section whose 
altitude = 0. Most of the sections in general use are curved ones, with 
an arch of greater or less altitude. An example of a pure linear sec- 
tion would be the one devised by Saemisch for laying open an abscess 
of the cornea, in which the latter is divided with a Graefe knife from 
behind forward (§ 155). A flap-incision, having the ends of its section 
at the same distance apart as a linear incision, will have a longer 
wound-tract than the latter, and is apt to gape more widely, owing to 
the likelihood of a lifting up of the flap. 

In making the section, care must be taken that the knife is with- 
drawn from the wound slowly, so that the aqueous may escape as grad- 
ually as possible. In this way we avoid the evil results which too rapid 
escape of the aqueous often entails, such as extensive prolapse of the 
iris, subluxation of the lens, prolapse of the vitreous, and intraocular 
hemorrhage. ‘The slow escape of the aqueous is particularly important 
if an operation is done when there is increase of tension. 

In completing the operation the greatest attention must be paid to 
having the iris in proper position. Under no circumstances should the 


Fic. 161.—NorMAL PosiTion Fic. 162.—INCARCERATION OF 
OF THE IRIS (AFTER A THE IRIS IN THE WOUND 
ScLERAL FLAP-EXTRAC- (AFTER A CORNEAL FLAP- Fic. 163.—INCARCERATION OF 
TION). MAGNIFIED 2x 1. EXTRACTION). MAGNIFIED THE Iris (AFTER SIMPLE 
y 2x1. LINEAR EXTRACTION WITH- 
The angles of the sphincter, ovuT IRIpEcTO.y). Maa- 
a and a, are both low The iris is visible as a dark NIFIED 2x1. 
down. nodule, 7, in the wound, a? 
and the angle, a,, of the The pupil is drawn toward 
sphincter on the same the cicatrix, NV; s, s,, sec- 
side appears drawn up in tion in sclerotomy after 
comparison with that of De Wecker’s method. 


the other side, which is in 
its proper position. 


iris be left incarcerated in the wound. Prolapse of the iris is mani- 
fested by different signs, according to the extent to which the iris is 
protruded. If the iris has pushed its way through the wound to the out- 
side, it becomes visible as a dark swelling or nodule either in the middle 
of the section, or, if some of the iris has been excised, at one or both 
ends of it (7, Fig. 162). The condition when the iris does not protrude 
from the wound, but is merely jammed in between the internal lips of 
the latter (Fig. 164), is recognized by the displacement of the pupil. 
For, after operations of this sort, in which the iris has been excised, the 
boundary between the pupil and the coloboma is marked by two pro- 
jecting angles, forming what are called the angles of the sphincter 
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(Fig. 161, a and a,). These correspond to the spot where the margin 
of the pupil passes into the lateral limits (“pillars”) of the coloboma. 
When the iris is free, the angles of the sphincter are directly opposite 
one another, and, moreover, lie in the circular line which the margin 
of the pupil would form if still uninjured (“the angles of the sphincter 
are low down,” Fig. 161). But if the iris is incarcerated in the wound, 
the corresponding pillar of the coloboma is thereby shortened, and the 
angle of the sphincter looks as if drawn up (“ the angle of the sphincter 
is higher,” Fig. 162, a,). The angle of the sphincter may be pushed 
up so far that it is not visible at all. 

After operations in which no part of the iris has been excised, there 
are, of course, no angles in the sphincter; the inclusion of the iris in the 
wound then manifests itself only by the displacement of the pupil 
toward the wound, precisely as is seen after perforating ulcers of the 
cornea with incarceration of the iris (Fig. 163). 

Inclusion of the iris in the wound is accompanied by evil conse- 
quences of many kinds. The healing of the wound is interfered with 
by inflammatory irritation, and is protracted. The cicatrix is less solid 
and regular in its formation, and even when it is formed the inclusion 
of the iris may afterward give rise to increase of tension, to inflamma- 
tion, and even to sympathetic disease of the other eye. To avert these 
results every attempt must be made, after completing the operation, to 
release the iris from its condition of incarceration, and to put it in the 
proper position. This is done by entering the wound with a spatula, 
and with this stroking the iris so as to bring it back again into the an- 
terior chamber. Should this attempt be unsuccessful, or should the 
iris after replacement again prolapse into the wound, the incarcerated 
portion of the iris must be drawn out and excised. 

Hemorrhage into the anterior chamber occurs in those operations 
which cause injury to vascular tissues like the sclera and iris. If the 
iris is healthy, it hardly bleeds at all upon being cut through, since its 
vessels close very rapidly from contraction of their walls. But in those 
cases in which an operation is done upon a diseased iris (as in iritis, 
glaucoma, and atrophy of the iris), copious bleeding often takes place 
from the iris, so that the whole anterior chamber fills with blood. The 
bleeding is disagreeable, because it prevents the operator from inspect- 
ing the interior of the eye; but in otherwise healthy eyes it generally 
produces no other disadvantage, as the blood is absorbed again within a 
few days. But in eyes where the iris is diseased not only is the hem- 
orrhage more extensive, but in addition the blood takes a longer time— 
sometimes in fact months—to disappear by resorption; and, moreover, 
it is precisely in such cases that the whole metabolism of the eye is seri- 
ously affected. 

Hemorrhage from divided vessels should not be confounded with 
those intraocular hemorrhages which are caused by the sudden and 
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very great reduction of ocular tension in consequence of the operation 
—either from escape of the aqueous or removal of the lens—and the 
resulting increased inflow of blood into the vessels of the uvea and 
retina. Such hemorrhages are to be specially apprehended if we op- 
erate where there is increase of tension. In fact, small retinal hemor- 
rhages are almost the rule after iridectomy in glaucoma (see page 357). 
In rare cases the blood escapes in such quantity from the vessels that 
the contents of the eyeball are expelled by it from the wound, and 
then the blood itself oozes from the latter. Such an eye, of course, 
is lost. 

154. The after-treatment of an operation in which the eyeball has 
been opened must be mainly directed to the prevention of anything 
that might interfere with the rapid and permanent closure of the 
wound. For this purpose the eye operated upon is bandaged, in order 
to put a stop to the movements of the lids; and in operations of any 
magnitude the eye not operated upon should also be kept shut for some 
days. Furthermore, the patient ought to avoid all physical exertion, as 
by this the ocular tension is increased, and the recently agglutinated 
wound might be forced open again. Hence, after major operations 
(iridectomy or cataract-extraction), the patient is made to stay flat on 
his back in bed for several days, and in the first few days is given only 
fluid or semi-fluid nourishment, so as to obviate the exertion of chew- 
ing. When these precautions are observed the course of healing regu- 
larly takes place as follows: The edges of the wound become aggluti- 
nated soon after the operation, and the anterior chamber is restored. It 
very often happens that the recently agglutinated wound can not at 
once withstand the pressure of the accumulated aqueous, and in the 
course of the first day opens once or twice and allows the aqueous to 
escape before a permanent closure of the wound has taken place. The 
edges of the wound then heal by indirect union, so that a fine linear 
cicatrix is formed. If this les in the cornea, it remains visible always 
as a narrow gray line, while cicatrices in the sclera are as a usual thing 
scarcely discoverable after some time has elapsed. It always takes quite 
a long time for a cicatrix to become sufficiently firm to be able to resist 
external injuries. Until this has occurred (that is, for several weeks 
or months, according to the size of the wound), the patient must re- 
frain from all severe physical exertion, avoid making any pressure upon 
the eye, etc. 

Variations from the course of healing just described not infre- 
quently occur. The disturbances of healing most frequently observed 
are— 

1. Irregular Healing. The closure of the wound may be delayed, 
and the anterior chamber remain obliterated for days. Still more ‘fre- 
quently it happens that the wound, after it has already been closed, is 
burst open again by an external injury, such as pressure of the hand 
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upon the eye, coughing, sneezing, and the like. This “ bursting of the 
wound ” is ordinarily followed by extravasation of blood into the an- 
terior chamber. ‘The iris also may be swept into the wound and incar- 
cerated there, or inflammation (irido-cyclitis) may set in. Another way 
in which the healing of the wound may be interfered with consists in 
the fact that the edges of the wound do not adhere to one another 
directly, but are united by an interposed cicatricial mass of recent for- 
mation. This is most frequently the case when direct contact of the 
edges of the wound is prevented by the presence of an incarcerated iris 
or lens-capsule, but it may also occur when there is an increase of ten- 
sion by means of which the 
wound is made to gape and 
is thus kept open. In these 
cases the cicatrix that is 
formed is less firm, and in 
fact a small portion of it 
may remain entirely open, 
so that the aqueous keeps 
trickling through it be- 
neath the conjunctiva and 
makes the latter edematous 
(cystoid cicatrization, Fig. 
164). Cicatrices which are 
not sufficiently firm often 
become ectatic. This has 
as its immediate conse- 


quence an irregular bulg- 


ing of the adjoining parts Fic. 164.—INCLUSION OF THE IRIS WITH CysToIp CICATRI- 
: ZATION AFTER THE EXTRACTION OF A SENILE CATA- 


of the cornea, so that the RACT BY GRAEFE’S PERIPHERIC LINEAR SECTION. EN- 
LARGEMENT 13x 1. 


results of the operation, aS The iris J extends from its origin in the ciliary body C 


rae ‘ to the inner orifice of the wound, so that here the 
far as vision is concerned, anterior chamber is contracted into a narrow slit. 
The iris within the tract of the wound is folded upon 
itself, the point of flexion corresponding to the ex- 
terior surface of the sclera. The pupillary portion 
P of the iris extends from the site of the constric- 
tion into the anterior chamber, where it lies free. 
On its anterior surface may be seen the entrance of 
a crypt, near its posterior surface the cross-section 
of the sphincter pupillee. Besides the iris, the cap- 
sule k of the lens is also drawn up to the cicatrix, 
and has become adherent to it. The section by which 
the extraction was made cuts in two the line of junc- 
tion between the sclera S and the cornea H, so that 
by its anterior half it lies in the sclera, by its posterior 
half in the cornea. On account of the interposition 
of the iris, the lips of the wound have not united ; in 
fact, the tract of the wound extends as an open cav- 
ity h even into the tissue of the conjunctiva of the 
limbus L, so that the wound is closed only by a very 
thin layer of tissue. 


are impaired by the pres- 
ence of irregular astigma- 
tism. Later on cystoid or 
ectatic cicatrices may give 
rise to elevation of tension 
or to inflammation. 

2. Suppuration of the 
Wound. This is manifest- 
ed by the yellowish discol- 
oration which the wound as- 
sumes at some point, while 


at the same time violent inflammatory symptoms (often, however, unas- 


sociated with pain) set in. 


From the wound the suppuration extends 


either to the uvea alone, so that purulent irido-cyclitis develops, or to 
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the cornea as well, which becomes infiltrated with pus and then breaks 
down. The outcome is atrophy, or, if panophthalmitis is superadded, 
phthisis of the eyeball. Suppuration of the wound is most apt to set 
in after cataract-extractions, and formerly was the most frequent cause 
for the development of blindness in an eye which had been operated 
upon for cataract. We now know that suppuration of the wound is 
the consequence of infection of the wound; and by the application of 
antiseptic methods the number of cases in which suppuration takes 
place can now be reduced to a minimum. 

3. Inflammation of the Uvea. Inritis and irido-cyclitis occur very 
frequently after operations in which the eyeball has been opened. In 
most cases there is simply a slight iritis, which does no harm beyond 
that induced by a few posterior synechiz which remain. But in the 
severe cases the inflammation leads to occlusion of the pupil, and either 
necessitates a secondary operation, or actually terminates in incurable 
blindness due to atrophy of the eyeball. In cases of the latter sort 
there is also a danger of sympathetic disease of the other eye. Shght 
inflammations of the iris are generally to be regarded as a purely trau- 
matic affection caused by the way in which the iris has been grasped 
and pulled upon. In other cases it is possible that either portions of 
the lens which are left behind, or similar substances, produce mechanical 
or chemical irritation of the iris. Severe inflammations depend either 
upon infection or upon a lighting up of old inflammation, as when an 
operation is done in an eye which was formerly the seat of an irido- 
eyclitis. 

In former times much more importance was attached than now to the shape 
and position of the section, especially in cataract-operations, the hope of a 
happy result being based solely upon the proper performance of the section. 
Starting with this view, observers devised a great number of different methods 
of operating which have already, in part at least, fallen into oblivion. At the 
present time we know that the rigorous carrying out of antisepsis in the opera- 
tion and after-treatment is of much greater significance than the choice of a 
method of operating. Any section which is of the necessary size and is suitable 
in position gives good results, if in other respects we proceed with the most 
scrupulous cleanliness. In eye-operations this is doubly important, since the 
result that we seek is attained only if healing by first intention is secured. 
When an amputation-wound does not heal by first intention, but by suppuration, 
this accident usually does the patient no harm beyond prolonging his stay in 
bed; but if suppuration ensues instead of primary union after an iridectomy or 
cataract-operation, the eye is lost, which for an operator upon the eye is the 
same thing as the death of the patient would be for the surgeon. 

In judging of the size and position of any particular form of section, not 
only the outer and visible wound but also the internal one must be taken into 
consideration. That the latter is of a different size, shape, and position from 
the external wound arises from the fact that in most methods of performing 
the section the knife divides the tunics of the eye obliquely (Fig. 166, 7 and 
P). This is particularly the case with the wounds made by the lance-shaped 
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knife. Even if at first we plunge the lance-knife in perpendicularly, we must 
still, as soon as its point has entered the anterior chamber, change its position so 
that it shall be pushed along parallel with the iris, as otherwise we should get 
into the iris and lens. The inner orifice of the section (Fig. 165, 77) therefore 
lies nearer the center of the cornea than does its outer orifice (Fig. 165, @ a). 


Fig. 165.—SEcTIONS FOR IRIDECTOMY AND CATARACT-EXTRACTION. SCHEMATIC. MAGNIFIED 2x1. 


D, peripheric section for iridectomy in case of increase of tension: a, a, external orifice of the 
wound situated in the sclera ; 7, 7, internal orifice situated at the sclero-corneal junction. 
In order to represent these relations a correctly performed iridectomy was made upon the 
eye of a cadaver, and the exact position of the orifices of the wound, properly magnified, 
was transferred to the drawing. O, section for an iridectomy done for making an optical 
coloboma. The section lies entirely in the cornea; the coloboma is slender, and does not 
extend up to the ciliary margin. JL, section for a simple linear extraction, 


For this reason sections whose outer orifice lies in the sclera, and which hence 
are usually regarded as scleral sections, nevertheless by their inner segment he- 
jong to the cornea (J, Fig. 166). A further fact contributing to this relation 
between the external and internal sections is that the sclera overlaps the cornea 
externally, and the latter therefore in its inner layers extends farther toward the 
periphery than can be seen from the outside. Hence, even sections situated 
pretty high up, like Von Graefe’s peripheric linear section for cataract-extraction 
(Fig. 164), are in great part located in corneal tissue. This fact that the internal 
wound is less peripherally situated than the external must be taken into account 
in making the section. If, for example, we desire to excise the iris up to a cer- 
tain spot, we must not perforate the cornea at a point directly opposite the lat- 
ter, but must place the corneal section farther toward the periphery, so that the 
internal wound may lie at the spot at which the iris is to be cut off. 

The internal wound is also of less length than the external (Fig. 165, aa 
andii). This fact also must be taken into consideration, particularly in cata- 
ract-operations, in which care must be taken that not only the external but also 
the internal wound shall be large enough to allow the cataract to pass through, 

The oblique course of the wound through the tunics of the eye, furthermore, 
affects the tendency of the wound to gape. It was said above that flap-wounds 
gape more than linear wounds; but the tendency toward gaping depends still 
more upon whether the wound traverses the tunics of the eye perpendicularly or 
obliquely. The former is more particularly the case in sections made with 
Graefe’s knife, in which the knife passes through the cornea or sclera from 
within outward ; the latter is the case in sections made with the lance-knife. 
Sections of the former sort gape, owing to the elastic retraction of the edges of 
the wound. Wounds, on the other hand, which are made with the lance-knife, 
and pass obliquely through the tunics of the eye, do not gape, because the lips 
of the wound close upon one another like a valve. The closure is effected by the 
intraocular pressure. This latter is exerted to the same extent on every point of 
the internal surface of the eyeball. It presses as strongly upon the posterior lip 
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of the wound (a, Fig. 166) as upon the anterior (2), and hence pushes the former 
against the latter. To this valve-like closure of the wound is to be attributed 
the fact that the aqueous does not escape after paracentesis of the cornea if the 
lance-knife is withdrawn cautiously, and without pressure or rotation, from the 
wound. The wound must be made to gape before the aqueous (or, in simple 
linear extraction, the soft masses of lens-matter) can be evacuated. It would 
be a mistake to try to effect this by pressure either upon the center of the cornea 
or upon the sclera, as in so doing we should only increase the intraocular pressure 
by that which is exerted from outside, and thus push the posterior lip of the 
wound still more strongly against the anterior. Only upon very strong pressure, 
by which the lips of the wound would be shoved past one another, would the 
wound gape open. The proper procedure, rather, is to depress the peripheral 
lip of the wound (¢, Fig. 166) with a Daviel’s scoop, and thus open the valve. 

The firm closure of the wounds made with a lance-knife diminishes the dan- 
ger of prolapse of the iris. How, then, does prolapse of the iris occur at all ? 
When the cornea has been perforated at any spot, the aqueous flows from every 
direction toward this point, because here the ocular tension has sunk to nothing 
(i. e., has become equal to that of the external air). The fluid of the anterior 
chamber can flow toward the opening without obstruction; but the fluid of the 
posterior chamber, to get at the 
opening, must first pass through 
the pupil. Let us assume that 
the opening les at the inner 
margin of the cornea (J, Fig. 
166). In this case the liquid 
from the outer (more centrally 

—~ situated) portion of the posterior 

Bee rs onan On Ent EnvTioN THROUGH) “Chamber would flow tamand tho 

7, section for iridectomy, lying externally in the sclera, opening directly through the 
internally in the cornea. P. section for paracen- . rat 

tesis ; a, peripheral ; b, central lip of the wound. pupil, because this is its shortest 

way. The case is otherwise with 
the inner portion of the chamber, which lies immediately opposite the opening. 
Here going through the pupil means taking a roundabout way, which is the more 
circuitous the farther the opening lies toward the periphery. The aqueous will 
therefore tend to take the shortest way and rush straight forward toward the 
opening, pushing the iris before it. In the language of physics, the posterior 
surface of the iris is subjected to the pressure of that portion of the aqueous 
which has not yet been evacuated (d, Fig. 166). On the other hand, the pressure 
upon the anterior surface of the iris has become zero, and the iris consequently 
is pushed against and into the opening. This is the way in which a prolapse 
of the iris originates, the prolapse being nothing but a sac consisting of iris and 
filled with the liquid of the posterior chamber. 

The danger of « prolapse of the iris occurring is greater—1. The greater the 
rapidity with which the aqueous is evacuated, because then proportionately less 
time is allowed the liquid of the posterior chamber to make the circuit by way 
of the pupil. Hence the rule that in making the section the aqueous should be 
allowed to flow off as slowly as possible. 2. In proportion as the ocular tension 
rises, because then the difference between the pressure in the anterior chamber 
which has been emptied and the posterior chamber which is full becomes so 
much the greater. When an iridectomy is made in glaucoma, a considerable 
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extent of the iris usually at once protrudes from the wound. 3. In proportion 
as the wound lies nearer the periphery, for then the route which the aqueous 
has to take through the pupil is just so much the more circuitous, and both a 
greater depth of posterior eA and a greater quantity of aqueous to oe 
the iris forward are present at” the spot corresponding to the section. Hence 
operations with a peripheral section must be combined with iridectomy, rae 
when the situation of the section is more toward the center (simple cataract- 
extraction, paracentesis of the cornea) is not required. 4. According to the size 
and shape of the aperture, since these conditions likewise have an effect in produc- 
ing prolapse of the iris. It is evident that the opening must be of a certain size 
for the iris to enter it at all. Again, if the aperture is circular—as is the case, 
for example, after perforation of an ulcer of the cornea has taken place—prolapse 
of the iris will assuredly not fail to develop. On the other hand, wounds with 
a valvular closure, such as those made with the lance-knife, display a compara- 
tively slight tendency to inclusion of the iris. We therefore try to anticipate 
the occurrence of perforation of an ulcer by making paracentesis with the lance- 
knife, in order to avoid prolapse of the iris and the anterior synechia that results 
from it. 

Prolapse of the iris may occur not only during the operation but afterward 
also. We may, for example, have succeeded in avoiding the development of 
prolapse during the operation, or have removed it if it has developed; and yet 
on the next day, when we change the dressing, we may find the iris prolapsed 
into the wound. This occurrence is due to the fact that the recently ageluti- 
nated wound has reopened, and at the moment when this took place the same 
conditions favoring prolapse of the iris were supplied as at the instant of the 
operation itself, 

Prolapse of the iris and its incarceration in the operation-wound must be 
avoided at any cost. If we are dealing with wounds in which there is but littie 
tendency to prolapse, it is sufficient to carefully replace any iris that may have 
prolapsed during the operation. But if the section is of such a character that 
the iris is apt to be pushed into it (as is the section of the peripheric cataract- 
extractions), the reposition of the iris affords no security against prolapse; this 
may, and very often will, take place subsequently. In these cases the only 
resource is excision of the iris. How does this avert prolapse? Is it perhaps 
because all the iris is removed that could possibly prolapse into the wound? If 
that were the case, the iris would have to be excised through the entire extent 
of the wound—that is, often for a considerable width. But this is not always 
by any means necessary. Asa matter of fact, iridectomy prevents prolapse of 
the iris because it puts the posterior into direct communication with the an- 
terior chamber at the site of the wound, so that the fluid which reaccumulates 
in the posterior chamber can flow directly toward the opening of the wound 
without forcing the iris before it. For this purpose a small opening is all that 
is necessary. Accordingly, my invariable practice is to combine a peripheric 
cataract-extraction with simply a narrow iridectomy, and I find that in this 
way I am able to avoid incarceration of the iris with no less or even with more 
security than by making a broad coloboma., 

An escape of aqueous after the cornea has been opened presupposes a pro- 
portionate contraction upon the part of the capsule of the eyeball. If the 
walls of the eyeball were perfectly rigid, like a metallic capsule, for instance, 
not a drop of liquid would escape from the orifice which had been made; a 
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counter-opening would have to be made in another spot before it could do so. 
In addition to the elastic contraction of the tunics of the eye, the pressure of 
the external ocular muscles, and also the pressure of the lids upon the eye, con- 
tribute to reduce the volume of the capsule of the eyeball. Another factor 
contributing to the same result is added where the diaphragm formed by the 
lens and zonula is yielding enough to push forward after the escape of the 
aqueous. In old persons, the capsule of whose eyeball is rigid and whose eyes 
lie deep in the socket, so that the lids and muscles have but little power over 
them, the cornea after the escape of the aqueous (especially if the lens is re- 
moved at the same time) is often pushed in by the external atmospheric press- 
ure (collapsus corner). This occurrence is favored by the diminished thickness 
of the cornea in old age, and also by the use during, the operation, of cocaine, 
which reduces the ocular tension. Collapse of the cornea was formerly looked 
upon as an evil event, because it prevents the precise apposition of the lips of 
the wound, and it was supposed that suppuration of the wound was thus pro- 
duced. We now know that the process of healing is in no respect affected by 
a collapse of the cornea. The collapse disappears as soon as the aqueous reac- 
cumulates, which is generally the case as early as a few minutes after the opera- 
tion. When the cornea on account of its elasticity tends to resume its shape 
after collapse has taken place. a negative pressure develops in the anterior 
chamber precisely as when the rubber ball of a syringe, after being compressed 
with the hand, is allowed to expand again. Air may be sucked in by means 
of this negative pressure, so that an air-bubble enters the anterior chamber. 
This does no sort of harm to the eye. A more unpleasant effect of this aspirat- 
ing action occurs when the blood is sucked out by it from the divided vessels 
of the iris, so that the chamber is filled with blood. This is particularly apt to 
take place when the cavity of the chambers is separated from the eavity of the 
vitreous by a more solid diaphragm than usual (exudation membranes), which is 
not able to advance properly after the escape of the aqueous. Particularly 
profuse hemorrhage is thus encountered in those iridectomies and iridotomies 
which are made in eyes with an old irido-cyclitis. The blood in this case is 
unpleasant for two reasons: first, because it is very slow in being absorbed; and, 
second, because it may in part become organized and close the new-made pupil 
up again. To prevent this hemorrhage ex vacuo, I apply in such cases a press- 
ure-bandage to the eye as soon as possible after the pupil has been formed. 
This bandage by external pressure diminishes the volume of the capsule of the 
eyeball, and presses the vitreous against the cornea. 

If we except the cases mentioned above, the dressing applied after an opera- 
tion should be a protective, not a pressure bandage. Its function consists merely 
in keeping the eye closed. In fact, a bandage that is too tightly applied may 
become the cause of secondary rupture of the wound. Accordingly, in recent 
years my practice has been to fasten the cotton which is laid upon the lids in 
place simply by a single strip of linen, whose two extremities being coated with 
adhesive plaster are attached to the forehead and cheek respectively. In this 
way no pressure at all can possibly be exerted upon the eye. To prevent the eye 
from being touched by the patient, I fasten over the dressing just described a 
very light, somewhat convex wire frame. There is no necessity of darkening 
the room in which the patient operated upon lies; it is sufficient to protect him 
by means of some contrivance like a screen from any light that may fall upon him 
directly. In order to prevent breaking open of the wound, all kinds of physical 
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exertion must be avoided. Under this head belong even such acts as violent 
mastication, coughing, sneezing, etc. Sneezing can be restrained if the patient, 
when he feels a tendency to sneeze, presses his finger against the hard palate at 
the site of the incisive foramen. 

In old people, especially if they are drinkers, delirium not infrequently 
occurs, particularly when both eyes are bandaged. In this case the eye that 
has not been operated upon must be opened at once. Old people suffering 
from marasmus are apt, if they lie quiet upon their backs for several days after 
an operation, to get hypostases in the lungs, which may cause the patient’s death. 
Hence, persons that are weak from old.age ought to be taken out of bed very 
soon—if necessary, as early as the day after the operation. There are other 
accidents, too, by which the course of the healing may be interfered with. As 
these can not usually be foreseen, it is advisable never to operate upon both eyes 
at one sitting; for from the operation and after-treatment in the case of one eye, 
we learn what we are to expect when operating upon the second. 

In small children quietude of behavior after the operation is not to be ex- 
pected, and hence the larger sections, such as those made for iridectomy or cat- 
aract-extraction, have their healing interfered with. Accordingly, for small 
children we ought to choose only those methods of operating, sueh as discission, 
which produce very small wounds. 

(For keratitis traumatica after operations, see page 184.) 


CHAPTER II. 


OPERATIONS UPON THE EYEBALL, 


I. PARACENTESIS OF THE CORNEA. 


155, PARACENTESIS, or puncture of the cornea, may be made either 
with the lance-knife or with Von Graefe’s linear knife. 

In making paracentesis with the lance-knife the latter is plunged 
in perpendicularly close to the outer and lower margin of the cornea. 
As soon as its point has entered the anterior chamber the handle of 
the knife is depressed until the blade is parallel with the plane of the 
iris; then the lance-knife is pushed a little farther forward, so that 
the wound gets to be 2 or 3 millimetres long, when the knife is with- 
drawn very slowly from the wound. Then, to make the aqueous flow 
off, we need only depress the peripheral edge of the wound (ce, Fig. 
166) gently with a Daviel’s scoop. The evacuation of the aqueous 
should be gradual, and preferably intermittent. 

Paracentesis with the lance-knife is made—1. In progressive ulcers 
of the cornea whose advance either along the surface or into the depth 
of the tissues can not be arrested by medicinal treatment. In the case 
of corneal ulcers which threaten rupture we anticipate the occurrence 
of the latter by performing paracentesis. We thus avoid having the 
perforation take place too suddenly, and also avoid the occurrence of a 
prolapse of the iris. When the floor of the ulcer is greatly thinned and 
is bulging, we select this as the site of our puncture. 2. In ectasiz of 
the cornea of various kinds, and also in markedly bulging prolapses of 
the iris, or in the staphylomata that develop from the latter. 3. In 
obstinate inflammations of the cornea or uvea, and also in opacities of 
the vitreous, in order to exert a favorable effect upon the nutrition of 
the eyeball by altering the conditions of tissue-metamorphosis. 4. In 
elevation of tension when this is likely to be transient, as, for example, 
in irido-cyclitis or in swelling of the lens. 5. After discission when 
the process of resorption is arrested in spite of the swelling up of the 
lens, since, as experience as shown, resorption then takes a fresh start 
owing to the removal of the aqueous. 6. In hypopyon, for removing 
it when it extends high up. 

In all these cases it is not infrequently necessary to repeat the para- 
centesis one or more times. 

Paracentesis with Von Graefe’s linear knife is made according to 
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the method proposed by Saemisch in abscess of the cornea (see page 
158). The Graefe knife, whose cutting edge is directed straight for- 
ward, is entered to the outside of the external border of the abscess, in 
the healthy portion of the cornea; then it is pushed in the anterior 
chamber toward the nasal side until its point is brought out again 
through the cornea to the inside of the inner margin of the abscess. 
We then may be said to have the abscess lying upon the edge of the 
knife, which latter, therefore, has only to be pushed farther to the front 
in order to split the abscess from behind forward. The section should 
have both its terminal points lying in sound tissue, and, if possible, 
should be so made that the most intensely yellow, progressive portion 
of the abscess wall is bisected by it. After the section has been com- 
pleted the hypopyon is removed. The section must be reopened daily 
(with a Weber’s knife or with a Daviel’s scoop), until the abscess begins 
to grow clean. 


PARACENTESIS OF THE SCLERA (Sclerotomy).—This may be performed in 
the most anterior portion of the sclera, belonging to the anterior chamber, or in 
the posterior and larger division of it (sclerotomia anterior and posterior). 

Sclerotomia anterior by De Wecker’s method is made as follows: The Graefe 
knife is entered one millimetre outside of the external margin of the cornea, and 
brought out again at an equal distance to the inside of the internal margin of 
the cornea. The points of entrance and emergence are therefore symmetrically 
situated, and are selected as though the intention was to form a flap two milli- 
metres high out of the upper part of the cornea. And, in fact, after the counter- 
puncture has been made, the incision is carried upward by sawing cuts just as 
if this flap was to be separated, but the knife is withdrawn before the section is 
completed. Thus, at the upper margin of the cornea there remains a bridge 
formed of sclera, which connects the flap with the parts below it and prevents 
the gaping of the wound. Hence, by this operation two sections at once are 
made in the scleral margin separated from each other by a narrow bridge (s and 
8, Fig. 163). 

Sclerotomy, on account of the peripheral position of the wound, is very 
prone to be attended with prolapse of the iris. It should therefore be under- 
taken only in those cases in which it is possible to produce a marked degree of 
miosis by eserine; the spasmodically contracted sphincter then keeps the iris 
in the anterior chamber. Should the iris in spite of this become wedged in 
the wound, and should it be impossible to replace it satisfactorily, it would have 
to be drawn out and cut off. 

Sclerotomy is performed in glaucoma, but its results are not as certain, and, 
more particularly, not as lasting as those of iridectomy. Sclerotomy, accord- 
ingly, has either been given up altogether by most operators, or is performed 
only in exceptional cases. Under the latter belong the following: 1. Glaucoma 
simplex, with a deep anterior chamber and without distinct elevation of tension. 
2. Inflammatory glaucoma, when the iris through atrophy has become so narrow 
that one can not hope to perform excision of the iris that would be according to 
rule. 3. Hemorrhagic glaucoma. 4. Hydrophthalmus. 5. Instead of a sec- 
ond iridectomy in those cases of glaucoma in which the increase of tension re- 
turns in spite of an iridectomy performed according to rule. 
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In sclerotomia posterior the opening of the sclera is made in the posterior 
division of the latter. The section should be meridional—i. e., run from be- 
hind forward, since this is the direction of most of the scleral fibers, and hence 
such sections gape the least. The position of the section must be chosen, so 
that neither an ocular muscle nor the ciliary body is injured. For the latter 
reason the section should not extend farther forward than at most to a point six 
millimetres from the margin of the cornea. The indications for sclerotomia 
posterior are: 

1. Detachment of the retina. A broad Graefe knife is thrust into that spot 
of the sclera which corresponds to the most prominent part of the detachment. 
As soon as the knife has penetrated the sclera it is turned a little, so that the 
wound is thus made to gape. We then observe that the conjunctiva is lifted 
up by the subretinal fluid which escapes from the wound, so as to form a yel- 
lowish vesicle. As soon as the fluid ceases to be discharged the knife is with- 
drawn again. 

2. Glaucoma, when the anterior chamber is obliterated, and hence iridectomy 
has become technically impossible (cases of glaucoma malignum and glaucoma 
absolutum). The operation is performed in the same way as in detachment of 
the retina, except that instead of subretinal fluid some vitreous is evacuated. 
Owing to the greater consistence of the vitreous it is usually necessary to make 
the section somewhat longer. After sclerotomy the anterior chamber is usually 
restored, so that an iridectomy can be performed later on. 

3. A meridional section of pretty great extent is made when extraction of 
a foreign body, or of a cysticercus from the vitreous, is in question. 


II. InrpEectomy. 


156. Iridectomy by Beer’s method is performed as follows: The in- 
cision is made with the lance-knife in the vicinity of the margin of the 
cornea, being sometimes a little to the outside, sometimes a little to the 
inside of the latter, according as the point at which it is desired to ex- 
cise the iris is more or less close to the ciliary margin. The lance- 
knife is entered perpendicularly until its point is in the anterior cham- 
ber; then the handle is depressed until the blade lies parallel with the 
plane of the iris. ‘The lance-knife is next pushed forward until the 
wound is of the desired length (four to eight millimetres, according to 
the breadth of the portion of the iris that it is proposed to cut out) ; in 
doing this the lance-knife must be so held that the section is concentric 
with the margin of the cornea. The withdrawal of the lance is per- 
formed slowly, and with the instrument pressed against the posterior 
surface of the cornea, so as not to injure the iris or lens, which push for- 
ward as the aqueous flows off. After completing the section, the iris- 
forceps with its branches closed is introduced into the anterior cham- 
ber and pushed on up to the border of the pupil. At this point the 
branches are allowed to separate and a fold of the iris is grasped, gentle 
pressure being at the same time made upon the latter. The iris is now 
drawn from the wound, and at the moment when it is most upon the 
stretch it is cut off close to the wound with the curved scissors or with 
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the scissors-forceps (pinces-ciseaux of De Wecker). The operation 
then is done, and it only remains by introducing a spatula into the 
wound to put back into the anterior chamber any iris that may have 
been wedged into the wound, so that at the completion of the opera- 
tion the pupil and the coloboma have their proper shape. 

The andications for iridectomy are: 

1. The presence of optical obstructions. These consist in opaci- 
ties of the refractive media, occupying the area of the pupil. Among 
these belong: (a) opacities of the cornea; (4) a membrane in the pupil 
(occlusio pupille) ; (¢) opacities of the lens, such as lamellar cataract, 
nuclear cataract, or an anterior polar cataract of particularly large di- 
ameter, and lastly shrunken cataracts which do not extend far toward 
the periphery; (@) subluxation of the lens when the attempt is made 
to place the pupil in front of the part that contains no lens. 

For any good to be gained from the performance of an iridectomy 
for optical purposes, the following conditions must be present: 

(a) The opacity must be so dense that it prevents the formation of 
distinct images upon the retina, and does not simply interfere with 
vision by giving rise to dazzling. In the latter event the dazzling 
would actually be increased by the iridectomy. A mistake that we fre- 
quently meet with is that of making an iridectomy when there are 
comparatively slight opacities of the cornea; by such an operation the 
sight is made worse instead of better. To avoid this mistake we first 
make an accurate determination of the visual acuity, then dilate the 
pupil with atropine, and once more test the sight. If the latter then 
proves to be considerably better than before the pupil was dilated, iri- 
dectomy is indicated ; otherwise not. 

(6) The opacity must be stationary. In the case of opacities of the 
cornea the inflammatory process should have already run its course in 
opacities of the lens; it must be stationary forms of cataract that are in 
question. Otherwise we run the risk of having the very spot become 
opaque which we haye selected for making the artificial pupil in. 

(c) The parts concerned with the perception of ight—the retina and 
optic nerve—must be capable of performing their functions. ‘This fact 
is determined by testing the vision. The latter must correspond ap- 
proximately to the amount of dioptric obstruction that is visible. When 
the opacity is so dense that only quantitative vision is present, the latter 
is to be tested with acandle-flame. We darken the room and station 
ourselves with a lighted candle opposite the patient. Now, by alter- 
nately holding the hand in front of the light and then withdrawing it, 
we test whether the patient can tell aright the change from light to 
darkness. We first make this test near by, and then withdraw farther 
and farther from the patient, so as to find the greatest distance at which 
he is still able to distinguish between the alternation of light and dark- 
ness. The degree of direct perception of light is thus determined. In 
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order to test the extent of the visual field, the candle is gradually car- 
ried from one side of the patient to a position in front of the eye, which 
all the time must be looking straight forward; at the same time we ask 
when the light is perceived and upon what side it is situated. In this 
way the limits of the visual field in every direction can be determined. 

The quantitative perception of light in the center and at the periph- 
ery is not abrogated by even the densest opacity. If the retina and 
optic nerve are sound, the glimmer of the candle must be recognized 
in a darkened room at a distance of at least six metres, and it should also 
be seen by the patient on all sides of him and its place be correctly 
given. If this is not the case, the percipient portions of the eye are not 
normal. Upon the degree to which the perception of light is retained 
will depend the question whether an iridectomy for optical purposes 
is undertaken at all or not. These remarks regarding the perception 
of light hold good, moreover, not only for iridectomy, but also for all 
operations undertaken for the restoration of sight, and particularly for 
the operation of cataract. 

The following conditions must be regarded as contra-indications to 
iridectomy for optical purposes: 1. Deficiency or total absence of the 
perception of light. 2. Strabismus of the eye which is affected with 
the opacity. In this case, even if the operation was technically a per- 
fect success, not much gain in sight would be got, owing to the ambly- 
opia ex anopsia which exists in such eyes. 3. Flattening of the cornea. 
For, where applanatio cornez has developed, it is always a sign that 
there has been in conjunction with the keratitis an irido-cyclitis, which 
has left thick membranous exudates behind the iris. Hence, even if 
we actually succeed in excising the iris, a free aperture is not produced, 
and we have before us a hull of exudation which it is impossible to 
penetrate. 4. Incarceration of the iris in a cicatrix of the cornea, the 
iris being atrophied and pushed up against the posterior surface of the 
cornea. In this case iridectomy fails because the friable iris is too 
firmly agglutinated to the cornea. 

A coloboma which is made for optical purposes must be so fashioned 
as to cause as little disturbance from dazzling as possible. This result 
is secured when the coloboma is narrow and does not reach to the 
margin of the cornea (0, Fig. 165). An excision extending up to the 
root of the iris would expose the margin of the lens and also the inter- 
space between it and the ciliary processes, and thus admit a great 
quantity of irregularly refracted rays into the eye. In order to make the 
coloboma narrow and not too peripheral, the incision must be short, 
and lie at or even inside of the limbus. Those cases constitute an ex- 
ception to this rule, in which only the most exterior marginal portion of 
the cornea has remained transparent, so that the iridectomy must, for 
obvious reasons, be quite peripheral. 

That spot is chosen as the si¢e of the coloboma at which the media 
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are the most transparent. Wherever possible, we avoid making the 
coloboma above, as in that case it would be partly covered by the lid. 
If the media are everywhere equally transparent (as when there is a 
cicatrix situated exactly im the center of the cornea, a pupillary mem- 
brane, or a perinuclear cataract), the iridectomy is performed down- 
ward and inward (Fig. 165), because in most eyes the visual axis cuts 
the cornea a little to the inner side of the apex. 

157. [Other indications for iridectomy are :] 2. Zncrease of tension. 
Iridectomy is hence indicated in primary glaucoma, and also in second- 
ary glaucoma resulting from ectasize of the cornea or sclera, from se- 
clusio pupille, from irido-chorioiditis, etc. In hemorrhagic glancoma 
iridectomy is often a failure. In general, the success of the operation 
is better the earlier it is performed. Nevertheless, an operation is some- 
times done in cases of increased tension even when the perception of 
light has been already abolished, in which case there can be no idea of 
restoring sight. Then it is simply a case of relieving pain or of avoid- 
ing further degeneration (and especially further ectasis) of the eyeball. 

When iridectomy is made for increase of tension, the coloboma, in 
contradistinction to an iridectomy made for optical purposes, must be 
broad and must extend to the ciliary margin of the iris. Hence the 
section must be situated as far back as possible in the sclera and must 
be made quite long (D, Fig. 165). If there are not at the same time 
any optical conditions, to which regard must be paid in making the 
iridectomy, the latter must be directed upward so that the coloboma 
may be partially covered by the upper lid, and thus the confusion due 
to dazzling be lessened. 

3. Letatic cicatrices of the cornea (partial staphylomata), in order 
to cause their flattening. ‘This is the more apt to succeed, the more 
recent and the thinner walled the staphyloma is—that is, the closer 
akin it is to a prolapse of the iris. 

4. Recurrent iritis, in which case the iridectomy is designed to pre- 
vent the recurrences—an object, however, which is not always attained. 
The operation is to be done during an interval in which there is no in- 
flammation. 

5. Fistula of the cornea. Iridectomy here serves the purpose of 
securing the formation of a firm cicatrix. We must wait to perform 
the operation until at least some trace of the anterior chamber has 
been restored, as otherwise the operation is impracticable on technical 
grounds. 

6. Foreign bodies imbedded in the iris, which sometimes can only 
be removed by excising the portion of iris in which they occur. The 
like is true of cysts and small tumors of the iris. 

7. As a preliminary to the operation for cataract. Tridectomy is 
done under these circumstances: (7) When we are dealing with com- 
plicated cataracts (e. g., those complicated with posterior synechie, in- 
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crease of tension, etc.). Many operators also perform this sort of 
“preparatory ” iridectomy before operating upon uncomplicated cata- 
racts, since they believe that the cataract-operation itself is made less 
disturbing in its effects, and consequently less dangerous. (4) In un- 
ripe cataracts in order to mature them. This procedure, devised by 
Forster, consists in rubbing the cornea ina circular direction with a blunt 
instrument (Daviel’s scoop or a squint-hook) after excising the iris. 
Since the cornea is so thin that it dimples upon being rubbed, this 
procedure acts upon the lens also, the anterior cortical layers of which 
are thus compressed and partly crushed. It is a necessary requisite for 
the accomplishment of this that there should be a hard nucleus present, 
against which the soft cortex can be pressed. The result of this mass- 
age of the lens is that the latter becomes completely opaque in the 
course of a few weeks or even a few days. ‘The extraction of the lens 
should follow the iridectomy at an interval of not less than four weeks. 

In cases where iridectomy is made as a preliminary to a cataract- 
extraction the excision of the iris must be made upward, so that the 
coloboma may also be utilized for the extraction of the cataract, which 
as a general thing is made upward. 


The success of an iridectomy for optical purposes, as far as the amount of 
vision obtained is concerned, very often falls behind the expectations which both 
physician and patient have entertained in regard to it. This is especially the case 
with iridectomy in cicatrices of the cornea. In this case there are various rea- 
sons for the vision being often so defective, even when the operation itself has 
been a complete success. The chief one is that usually a considerable degree of 
astigmatism is present in that part of the cornea which has been used for the 
iridectomy. This astigmatism is caused partly by the adjoining cicatrix, partly 
by the operation itself. To this is added the astigmatic refraction of those 
rays which in the peripheral portion of the coloboma pass through the margin 
of the lens. This astigmatism, which is for the most part irregular, has a 
greater effect than usual, inasmuch as the new pupil is large and is almost or 
quite immovable, and hence can not lessen the size of the diffusion-circles (see 
page 612). Moreover, the cornea over the coloboma is often less transparent 
than was supposed before the iridectomy, for slight opacities are scarcely visible 
when a light-colored iris is behind them, while they at once become obvious 
when after iridectomy a black coloboma forms the background. Still greater 
is the disappointment in store for the operator when after a successful iridectomy 
he finds the coloboma white instead of black, because the lens has already 
become opaque in that very spot. 

It is obvious that the degree of sight that is regained depends also upon the 
condition of the percipient parts—a condition which should be ascertained be- 
fore the operation by testing the perception of light. With regard to this 
point special stress must be laid upon the fact that in testing the periphery of the 
visual field we should ask not only if the light is seen when held to one side, 
but also where it is. If necessary, we make the patient point to it or grasp at it. 
It not infrequently happens that the patient recognizes the glimmer of the light 
as soon as the candle-flame appears in the periphery of the visual field, but that 
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he tells its place wrong. He says every time, for instance,’ that it is on the 
right hand, even when it is held in some quite different spot. This circumstance 
is accounted for as follows: When an eye with transparent media is tested with 
a candle-flame in a dark room, there is formed upon the retina, at a point oppo- 
site to the flame, an image ofthe latter, while the rest of the retina is not illumi- 
nated and has a sensation of darkness. If that part of the retina which is situ- 
ated directly opposite the light were insensitive, no light would be seen at all. 
The case is different with an eye whose media are cloudy. In this the rays 
emanating from the light are so dispersed by the cloudy media that the whole 
retina is illuminated no matter where the light is placed. To be sure, the il- 
lumination of the retina 1s not perfectly uniform. There are always more rays 
falling upon that part of the retina which lies opposite the light than upon the 
other regions of the retina, and thus the patient is able to tell where the light 
is; but he would also see the light if the portion of the retina lying opposite 
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the latter were insensitive, since the rest of the retina likewise receives light 
upon it. Let us assume that the whole retina has become insensitive with the 
exception of a region situated on the temporal side. This latter region, no mat- 
ter where the light may be, will receive diffused light and will perceive it, too. 
The patient will locate the source of this sensation in the portion of the external 
world lying opposite to this region of the retina, and will therefore believe al- 
ways that what he sees is on his nasal side. Hence the mere statement that a 
light is seen is not sufficient proof of the possession of functional capacity by all 
parts of the retina. For this it is requisite that the situation of the light be told 
correctly every time. 

How must a man adjust his eye in order to see with an excentrically situ- 
ated pupil? Let us assume that the eye is affected with a central cicatrix of 
the cornea (n, Fig. 167), so that it can see only with the assistance of a colo- 
boma which has been made upward. Must this eye, in order to fix an object, a, 
be turned downward so that the coloboma may lie opposite the object ? By no 
means. The refraction of the rays in such an eye takes place in precisely the 
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same way as in a sound one. The only difference is, that the portions of the 
beam emanating from 0 which enter the eye are not those situated in the center, 
but those situated above and corresponding to the coloboma. These latter 
throw the image upon the fovea, /, provided the object lies in the line of vision. 
An object, 0:1, which is situated opposite the coloboma would form its image 
at b, below the fovea, and would therefore not be seen by central vision. 
Hence an eye with an excentrically placed pupil performs fixation in the same 
way as does a normal eye. It is not superfluous to lay particular stress upon 
this point, inasmuch as many erroneous ideas prevail with respect to it. In a 
very learned treatise on retinitis pigmentosa, one can read how in this disease 
an iridectomy does no good if central opacities of lens are present, because in 
that case the images of objects would fall upon the peripheral portions of the 
retina which are insensitive! Asa matter of fact, this would only be so if the 
objects themselves were situated in the periphery of the visual field. 

The considerations just adduced also furnish an answer to the question 
whether a man would see double who has colobomata in both eyes which extend 
in different directions—e. g., upward in the right eye and inward in the left. 
In this case there will be binocular single vision, since the object of fixation 
forms its image at the same spot in both eyes—namely, the fovea—no matter 
where the coloboma is situated, 

It is difficult to perform iridectomy when the anterior chamber is shallow. 
This happens in gibbous protrusion of the iris, in incarceration of the iris by the 
cornea, in glaucoma, in fistula of the cornea, etc. In these cases the lance-knife 
can be pushed forward but a little distance, as otherwise we should get into the 
iris or the lens. We must then widen the section to the proper length by 
making a lateral cut with the lance while withdrawing it from the wound. In 
such cases we may aiso use a Graefe knife for making the section, but only 
when we have one to do that is at the upper or lower margin of the cornea. 
We can not make vertical sections with a Graefe knife, because we are then pre- 
vented by the margin of the orbit from carrying the knife where it should go. 

The mishaps which may occur in the course of an iridectomy are: 1. Injury 
of the iris or lens with the lance, either through the clumsiness of the operator 
or through the restlessness of the patient. Injury done to the lens-capsule en- 
tails a traumatic cataract, which not only produces a new obstacle to vision but 
also endangers the eye by giving rise to inflammation or increase of tension. 
2. Iridodialysis. By this the excision of the iris is rendered difficult, great 
bleeding is set up, and often, too, a double pupil is produced (see page 301). 
3. The last-named result may also occur from the fact that the sphincter pupille 
at the site of the iridectomy is left behind, so that it separates the pupil from 
the coloboma like a bridge. This accident occurs either because the margin of 
the pupil is firmly adherent to the lens-capsule, so that it does not follow the 
rest of the iris when the latter is drawn out, or because the iris is excised before 
it has been drawn far enough out of the wound. We shall not have to com- 
plain of this disagreeable occurrence if we observe the two following rules: The 
first is, not to grasp the iris with the forceps until we have pushed the instru- 
ment forward as far as the margin of the pupil, so as to get this latter be- 
tween its branches. The second rule is, to cut off the iris only when it has 
been drawn out far enough for its black posterior surface to be visible. If, 
however, the sphincter should remain behind, we enter the anterior chamber 
again with a blunt hook and draw up the bridge of sphincter in order to cut 
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it off. 4. When we operate in a case of total posterior synechia it often hap- 
pens that the retinal pigment of the iris within the area of the coloboma remains 
upon the lens-capsule, with which it is intimately united by exudation. In that 
case, immediately after the iridectomy is completed, we may suppose that we 
have made a fine black coloboma, and it is only upon lateral illumination that 
we become convinced that the coloboma is not black, but dark brown—i. e., is 
filled with pigment. The optical result of the operation is then nil. It hap- 
pens not less frequently in total posterior synechia that it is absolutely impos- 
sible to bring the iris out of the wound for the purpose of cutting it off. The 
iris, on the one hand, is so rotten, and, ‘on the other hand, is so firmly attached 
to the lens, that the forceps, instead of drawing the iris out, only tears small 
fragments out of it. Both in this case and in the one in which the pigment- 
layer remains behind, there is nothing left to do but to remove the lens also; 
hence we follow our iridectomy by an extraction of the lens by Wenzel’s method 
(§ 162). 5. Prolapse of the vitreous is particularly apt to occur in iridectomy 
when the zonula is diseased, as, for example, in subluxation of the lens or in 
hydrophthalmus. 


Ill. Irntpotomy. 


158. Iridotomy consists in simply dividing the iris without excising 
a piece of it, and in this respect differs from iridectomy. It serves the 
purpose of making a new aperture in the iris when the pupil is closed 
and of thus producing a new pupil. As the incision in the iris would 
also affect the lens which lies behind it and would thus produce trau- 
matic cataract, this operation is only adapted to those cases in which 
no lens is present. In most cases the operation has to do with eyes 
which have been operated upon for cataract but which have lost their 
sight again through a subsequent irido-cyclitis. In these cases the iris 
is united with the exudation membrane and with the secondary cataract 
to form a firm diaphragm, which separates the cavity of the chambers 
and the cavity of the vitreous. ‘To restore sight the diaphragm must 
be perforated. This can be accomplished by a simple incision, if this 
is so directed as to divide the diaphragm along a line perpendicular to 
that of greatest tension; then the incision gapes from retraction of 
the edges of the wound and leaves a slit-like pupil (cat’s-eye pupil). 

The operation may be performed with— 

(a) The Graefe knife. This is plunged through the cornea and the 
diaphragm, and the latter is divided in a direction perpendicular to 
that of greatest tension. This method is only applicable when the 
diaphragm is not too thick. If the latter was the case, the diaphragm 
would offer great resistance to the knife, and in the endeavor to divide 
it the ciliary body would be pulled upon, and this might start up a new 
attack of irido-cyclitis. 

(6) The scissors-forceps (pinces-ciseaux) by De Wecker’s method. 
With the lance-knife an incision is made along the margin of the cor- 
nea, and through this the scissors-forceps is introduced closed into the 
chamber. Here the instrument is opened, and its posterior sharp 
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branch is plunged through the diaphragm while the anterior branch 
remains in the anterior chamber; then, by closing the scissors-forceps, 
the diaphragm is divided perpendicularly to the direction of greatest 
tension. This is a severer operation than the former, and is also usu- 
ally associated with loss of vitreous. On the other hand, it does not 
cause any pulling, as in it the diaphragm is divided just as a sheet of 
paper is cut in two by a pair of scissors. 

Iridotomy often fails of accomplishment owing to the too great 
firmness of the diaphragm, which may actually be ossified; but even 
an excellent immediate result may be nullified because the old irido- 
eyclitis is lighted up again by the operation, and the pupil which has 
been made is closed again by a renewal of the exudation. Hence we 
put off the performance of iridotomy as long as possible until all in- 
flammatory symptoms have disappeared, unless we are compelled to 
operate speedily by special circumstances, such as protrusion of the iris, 
increase of tension, or beginning atrophy of the eyeball. 


IV. Discrss1io CATARACTA. 
(a) Discission of Soft Cataracts. 


159. Discission * of soft cataracts has for its object the opening of 
the anterior capsule of the lens in order to effect the resorption of the 
latter. Discission is performed with the discission-needle, which is 
passed in through the cornea (keratonyxis t). The site of the puncture 
is the center of the lower and outer quadrant of the cornea, at which 
spot the needle is passed through the cornea and perpendicular to the 
latter, and is then pushed forward in the anterior chamber as far as 
the anterior capsule of the lens. The latter is then laid open by one 
or more incisions in the area of the pupil (which has previously been 
dilated with atropine). The needle must be handled very lightly, no 
pressure being made with it, but simply sweeping movements; more- 
over, the incisions should not penetrate deep into the lens. The needle 
is then withdrawn from the eyeball, this being done quickly so that the 
aqueous may not escape. 

After the operation the aqueous enters the lens through the wound 
in the capsule, and the lens swells up and is gradually absorbed in the 
manner described at length under the head of traumatic cataract (see 
page 382). In fact, discission is nothing but an imitation of the kind 
of injury of the capsule that accident so frequently produces. 

Discission is adapted for all soft cataracts—i. e., for those which are 
capable of complete resorption because they have as yet no hard nu- 
cleus. This is the case in children and young persons. After the age 


* From discindere, to split (sc., the lens-capsule). 
+ From xépas, horn, and virrew, to prick. 
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of twenty-five, when there is already a hard nucleus present, discission 
is no longer indicated. Discission may also be made in unripe cataracts 
—1i. e., in those which still contain transparent portions of lens-sub- 
stance—since these become opaque under the influence of the aqueous. 
Perinuclear cataract affords the most frequent indication for discission. 

The main advantage of discission consists in the freedom from dan- 
ger of the operation itself and in the simplicity of the after-treatment. 
Since the small puncture in the cornea closes again directly, the patient 
is able to leave his bed as early as a few hours after the operation and 
to go about without a bandage. If the course is favorable, no further 
treatment is required than to keep the pupil dilated with atropine until 
the resorption of the lens is complete. Discission, therefore, is the only 
cataract-operation which can be employed with very small children who 
do not keep quiet after the operation. 

The time required for complete resorption of the lens amounts to 
at most a few months. In the course of this time various accidents 
may occur necessitating interference on the part of the physician. 
These are sometimes produced by the fact that the process of swelling 
takes place with too great violence; sometimes, on the contrary, by the 
fact that the swelling and absorption of the lens are brought to a 
standstill. 

The wiolent swelling of the lens may be caused by too extensive a 
splitting of the capsule, owing to which the lens is exposed to the action 
of the aqueous over an excessively large area. In other cases, again, 
there exists in the lens a peculiar tendency to swell, which makes 
itself apparent even with small incisions of the capsule. As one can 
not form in advance a judgment of the tendency that the lens has for 
becoming tumefied, it is advisable at the first discission to make only a 
short and shallow section. The results of a rapid swelling of the lens 
may be either increase of tension or irido-cyclitis. The former mani- 
fests itself by the dull appearance of the cornea, by an increase of ten- 
sion perceptible to palpation, and by the contraction of the field of 
vision; and these symptoms, if they were allowed to persist, would lead 
to amaurosis due to excavation of the optic nerve. The iritis is caused 
either by the mechanical injury (pressure) or the chemical irritation 
which the swelling masses of lens-substance produce in the iris. Both 
increase of tension and iritis are particularly to be apprehended in 
elderly persons, because these bear swelling of the lens worse than 
others do. To avoid these accidents the pupil must be kept well dilated 
with atropine, so that the swelling masses of lens-substance may come 
into contact with the iris as little as possible. Excessive swelling is 
most effectually combated by iced compresses, which, moreover, have 
an antiphlogistic action. If in spite of this treatment increase of ten- 
sion sets in, paracentesis must be made, and, if necessary, be repeated 
several times. We may also make a pretty large incision in the cornea, 
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as is done for simple linear extraction ($161), and, as far as may be, 
evacuate the swelling masses of lens-substance through it. 

In opposition to the cases just mentioned, there are others in which 
from the outset the processes of swelling and resorption of the lens 
take place to an insufficient degree. In this event we are often dealing 
with the kind of lenses which are especially apt to occur in aged per- 
sons, and which are capable of swelling but little. In other cases 
everything goes well at first, but after a part of the lens has been ab- 
sorbed the swelling and resorption come to a standstill. The cause of 
this commonly lies in a union of the capsular wound, which takes place 
to such an extent that the aqueous no longer comes into contact with 
the lens-fibers. In either case the indication is to repeat the incision, 
in doing which one may proceed more boldly than in the first discission 
and make an extensive opening in the capsule. It sometimes happens 
that the whole chamber is full of swollen fragments of lens, the resorp- 
tion of which shows no disposition to advance. We may then, following 
Werneck’s method, evacuate the aqueous through a puncture in the 
cornea, so that the aqueous is renewed; whereupon absorption again 
goes on. It frequently happens that to obtain a complete cure of a 
cataract by means of discission two or three operations are required. 

Discission is contra-indicated—1. In elderly persons whose lenses 
already have a nucleus, and whose eyes, moreover, do not bear well the 
swelling of the lens. 2. In subluxation of the lens, a condition which 
is recognized by the tremulousness of the latter. In this case discission 
is impracticable on technical grounds, since the lens being insuffi- 
ciently fixed in its place would recede before the discission-needle. 3. 
When there is considerable thickening of the capsule of the lens, as in 
this case the discission-needle would cause luxation of the lens before 
it could tear through the capsule. 4. In the presence of posterior sy- 
nechie, which render the dilatation of the pupil by atropine impossible. 
In such a case an iridectomy would have to precede the discission. 


(b) Discission of Membranous Cataracts (Dilaceration). 


160, The discission of membranous cataracts is not made with the 
view of effecting their resorption, since shrunken cataracts no longer 
contain much or any matter capable-of being absorbed. On the con- 
trary, their object is to make a free opening in the cataractous mem- 
brane by tearing it apart, and for this reason it had better be called 
dilaceratio cataracte.* The operation may be performed either 
through the cornea or through the sclera. 


* (This name, however, is scarcely applicable to the operation as performed in 
several places in this country, and notably at the New York Ophthalmic and Aural 
Institute. In this the cataractous membrane is not torn but cut, the discission- 
needle being replaced by a knife-needle, or a needle with a short, and very fine and 
sharp cutting edge at its extremity.— D.] 
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In the operation through the cornea (keratonyxis) the puncture is 
made in the center of the outer and lower quadrant of the cornea, as 
in the discission of a soft cataract. The needle is then pushed forward 
and plunged through the cataract, and then the attempt is made by 
means of sweeping movements to tear the cataract in all directions, so 
that as large a gap as possible may be formed in it. 

In the operation through the sclera (scleronyxis*) the needle is 
planged in perpendicularly through the sclera, six millimetres behind 
the external margin of the cornea, and somewhat below the horizontal 
meridian, and is then pushed forward so that its point passes through 
the cataractous membrane into the anterior chamber close to the ex- 
ternal margin of the pupil. Then the attempt is made to tear the 
cataract to the greatest possible extent by means of sweeping move- 
ments in which the point of the needle travels from before backward. 
The difference between discission through the cornea and that through 
the sclera consists in the possibility of exerting in the latter method a 
greater force upon the cataract with the needle—a thing which is espe- 
cially desirable when the cataractous membranes are rather thick. 

Discission is adapted for all membranous cataracts, provided they 
are not too thick, and that there are no extensive adhesions of the cat- 
aract to the iris. Discission is frequently done as a secondary opera- 
tion after the extraction of cataract to remove a secondary cataract. 


The discission of soft cataract is a sure but slow procedure for its removal. 
If we desire to get at the same result quickly, we may pursue the following 
course: We perform a very extensive discission through the cornea, so that 
within a few days the whole lens is swollen up and disintegrated. Then we re- 
move the broken-up masses of lens-substance by means of a simple linear ex- 
traction, We may also introduce the cannula of a syringe into the anterior 
chamber through an incision in the cornea, and by drawing up the piston suck 
out the fragments of the lens. This procedure, which is especially employed in 
England, is called suction of cataract. 

In soft, non-shrunken cataracts, which it is designed to subject to the pro- 
cesses of swelling and resorption, one should not make discission through the 
sclera, for in that case, in order to split the anterior capsule, we would have to 
pass the needle through the entire lens and break the latter all to pieces—a pro- 
cedure which, apart from the fact that we might easily luxate the whole lens in 
doing it, would give rise to excessive and violent swelling. Hence, scleronyxis 
is adapted only to those cases in which there are but few, if any, portions of the 
lens left which are able to swell up. 

Dilaceration of a membranous cataract is an operation productive of but 
little disturbance as long as there are no adhesions between the cataract and the 
iris. In the latter case there is danger of undue traction being made upon the iris, 
with consequent irido-cyclitis. Simple discission should be made only when the 
cataractous membrane is thin enough to be torn apart without being pulled upon. 
In the case of rather thicker membranes the operation can be done according to 


* [From sclera, and :drrew, to puncture. ] 
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the method proposed by Bowman. In this two needles are passed through the 
cornea at the same time, one near the inner, the other close to the outer corneal 
margin. Then the points of the needles are plunged into the center of the 
membrane and drawn apart by sweeping movements. Thus the membrane is 
torn in such a way that the part pulled upon lies between the two needle-points— 
i. e., in the center of the cataract—while the iris remains free from tension of any 
kind. If the adhesions are very numerous, the discission is preceded by an iri- 
dectomy or is replaced by an iridotomy. 


V. EXTRACTIO CATARACTA. 


161, The object of cataract-extraction is to remove the lens from the 
eye immediately, and that, too, as completely as possible. It consists 
essentially of three steps: 1. The making of a section whose dimensions 
vary in accordance with the size and consistence of the cataract. This 
section may lie in the cornea or in the sclera. 2. Opening of the ante- 
rior capsule in order to allow the lens to escape from it. 3. Expulsion 
(delivery) of the lens by pressure exerted upon the eye. In many cases 
a fourth step is added to the operation—namely, the excision of a portion 
of the iris. This iridectomy is regularly performed directly after the 
completion of the section. 

The most usual methods of extraction are: 


(a) Simple Linear Extraction. 


Simple linear extraction, like discission, is performed both in soft 
and in membranous cataracts, and consequently is done in two differ- 
ent ways, which are modifications of each other: 

1. In operating upon a soft cataract the lance-knife is introduced 
into the center of the lower and outer quadrant of the cornea, the blade 
being held parallel to the margin of the latter. The lance is first 
passed perpendicularly through the cornea, and then, as soon as its 
point appears in the anterior chamber, is turned until its blade is par- 
allel with the plane of the iris. The lance is then pushed forward until 
the wound has a length of four to seven millimetres. This wound must 
run parallel to the outer and lower margin of the cornea (NV, Fig. 163, 
and J, Fig. 165). Then a discission-needle or a small sharp hook must 
be passed in through the wound, and with this the lens-capsule must be 
very thoroughly torn up in the area of the pupil, which has been pre- 
viously dilated by means of atropine. After the withdrawal of the 
needle or hook, the lens masses are evacuated by depressing the periph- 
eral lip of the wound (c, Fig. 166) with a Daviel’s scoop. By this 
means the contents of the eyeball are subjected to quite a great pressure, 
and the wound is caused to gape open. This manceuyre is repeated 
until all parts of the lens have been removed from the eye. 

2. When a membranous cataract is to be operated upon, the section 
is made in the same way. Then a sharp hook or a forceps is intro- 
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duced through the section, and with these instruments the cataractous 
membrane is grasped and drawn out through the wound. 

The advantages of simple linear extraction consist in the fact that 
the section is short and passes through the cornea obliquely, for which 
reason it closes readily, does not necessitate an iridectomy, and does not 
require any very strict after-treatment. But owing to this very fact 
that the section is so short, this method is adapted only to membranous 
or to soft cataracts—i. e., to those that have no hard nucleus, since the 
latter could only be removed through such a wound with difficulty, or 
could not be removed at all. 


(2) Flap-extraction. 


162. This operation has a curved section of an extent requisite for 
the removal of large, hard cataracts. The section may be made either 
in the sclera or in the cornea. 

1. Scleral Flap-extraction.—This consists of four steps: 

First step: Performance of the section. This is done with the 
Graefe linear knife, which is entered near the upper and outer border, 
and is brought out again near the upper and inner border of the cornea 
(Fig. 168). The points of entry and exit are situated in the sclera, at 


Fic. 168.—ScLERAL FLAP-EXTRACTION, DRAWN FROM A CASE UPON WHICH THE OPERATION HAD 
BEEN PERFORMED. MAGNIFIED 2 x 1. 


S, S, scleral incision situated throughout at a distance of half a millimetre from the border of 
the cornea ; a. a,, the angles of the sphincter in their proper position. From them the pil- 
lars of the coloboma run upward, converging somewhat as they go. 


a distance of about half a millimetre from the margin of the cornea, 
and should lie so that a straight line connecting them corresponds to 
the dividing line between the upper fourth and the lower three fourths 
of the cornea. The knife is introduced at the point of entry, S, in such 
a way that the cutting edge looks upward, and the point is directed 
toward the center of the cornea. As soon as the point has passed this 
latter, it is raised by depressing the handle until it arrives at the site 
of the counter-puncture S,, behind the upper and inner margin of the 
cornea. The counter-puncture should lie exactly opposite the site of the 
puncture. After the transfixion has been made, the section is completed 
by sawing cuts, so that through its whole extent it divides the selera just 
behind the limbus. As soon as the knife has cut through the sclera, 
and lies beneath the conjunctiva, it is carried rapidly upward so as to 
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cut through the conjunctiva somewhat farther back. In this way a 
conjunctival flap is formed about two millimetres broad. 

Second step: Iridectomy. After the conjunctival flap has been 
turned down upon the cornea, so that the wound may be exposed to 
view, the latter is entered with the iris-forceps, the iris is grasped close 
to the pupillary margin, drawn out, and cut off with a single sweep of 
the scissors. 

Third step: Opening of the capsule. This is performed with the 
capsule-forceps, the delicate teeth of which are directed backward (Fors- 
ter, Schweigger). The forceps, closed, is introduced and passed on in 
the anterior chamber until the center of the pupil has been reached. 
Here the forceps are allowed to open, and by the exertion of light press- 
ure the capsule is grasped over as large an extent as possible, and is 
drawn out of the wound. 

Fourth step: Expulsion of the lens. The Daviel’s scoop is placed 
parallel to the wound against the lowermost part of the cornea, and 
light pressure is exerted with it upon the latter upward and backward. 
The pressure must be intermitted the instant the greatest diameter of 
the lens has passed through the wound. 

After the operation is finished, the “ toilet” of the eye is next in 
order. ‘The portions of the cataract which are still left in the eye, and 
also any extravasated blood, are removed by stroking with the lower 
lid,* the iris is replaced from the wound into the anterior chamber by 
the introduction of the spatula, until the pillars of the coloboma have 
the proper position (see page 669), then the conjunctival flap is stroked 
out smooth, and the eye is bandaged. 

2. Corneal Flap-extraction (De Wecker, Stellwag).—The way of 
using the linear knife is the same in this method as in the preceding, 
the difference between the two consisting merely in the length of the 
section. This is situated throughout in the limbus, the points of entry 
and of exit (S S,, Fig. 169) being both made init. The height of the 
puncture and counter-puncture must be so selected that the section de- 
taches exactly the upper third of the cornea from the sclera. Hence, a 
conjunctival flap is either not formed at all or is formed only in an in- 
complete way. The other steps of the operation are performed as in 
scleral flap-extraction, with the exception of the iridectomy. This last 
may either be performed in the manner described above or it may be 
omitted. In the latter case the iris must be carefully replaced after the 
operation is finished, and then eserine must be instilled in order to 
prevent by the contraction of the pupil any subsequent prolapse of the 
iris. 

The indication for the performance of flap-extraction is furnished 
by all cataracts which have a hard nucleus, and hence are not adapted 


* Or with a spatula.—D. ] 
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either for discission or for simple linear extraction. The section is 
made upward, so that the coloboma, too, may be situated above and be 
covered by the upper lid. The section performed as above described is 
long enough for the largest-sized cataracts. If we have a cataract to 
operate upon whose nucleus is probably small, we may make a section 
of correspondingly smaller size. 

The difference between the two methods depends upon the follow- 
ing fact: In scleral extraction the section ultimately lies beneath the 
conjunctiva, out of which therefore a flap can be formed. After the 
operation this flap becomes agglutinated very speedily to the raw sur- 


Fic. 169.—CoRNEAL FLAP-EXTRACTION. MAGNIFIED 2 x 1. 


S, S;, corneal section, which everywhere lies in the limbus. The operation has been performed 
without iridectomy, and the pupil is greatly contracted by means of eserine. As a conse- 
quence of this marked miosis, the pupil is not perfectly circular, but somewhat irregular, 
and the fringe of pigment lining it has become broader. 


face upon the sclera, and closes the wound externally even when the 
edges of the incision in the sclera have not yet united. It thus protects 
the wound from subsequent infection, for which reason the scleral 
method affords the best conditions for healing. 

The corneal section is destitute of the advantage of a conjunctival 
flap, but retains the possibility of performing the operation without ri- 
dectomy, for, as this section is less peripherally situated than that in the 
sclera, it is less apt to be complicated with prolapse of the iris. The 
omission of iridectomy has the advantage of keeping the patient’s pupil 
round and mobile, but it also entails many disadvantages, which limit 
the number of cases in which extraction without iridectomy is indicated. 
Thus: 1. The delivery of the lens is more difficult without iridectomy, 
because the lens has to be expelled through the narrow pupil, and to 
accomplish this pretty strong pressure is required. Hence, this method 
is not adapted to those cases in which a very easy delivery of the lens 
is desirable, as, for instance, in cases of tremulousness of the lens in 
which any kind of strong pressure would produce rupture of the zonula 
and hyaloid membrane, and consequently prolapse of the iris. 2. Ex- 
traction without iridectomy is not adapted to cases in which there is a 
complicated cataract connected with the iris by synechia. 3. In spite 
of the use of eserine, prolapse of the iris may take place in the days 
following the operation. In this case we are obliged to make a second- 
ary excision of the prolapsed iris. Accordingly, extraction without 
iridectomy is not adapted to cases which show a great tendency toward 
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prolapse of the iris, nor to those in which we can not count upon the 
patient’s remaining quiet after the operation. We may therefore say: 
The corneal flap-extraction without iridectomy gives under favorable 
circumstances the most perfect result, but is neither adapted to all cases 
nor does it secure the same almost absolute certainty of success as the 
scleral flap-extraction with iridectomy. 

Under special circumstances flap-extraction requires to be modified 
in special ways, two of which need to be particularly emphasized : 

1. Extraction of the Lens in the Closed Capsule (Pagenstecher).— 
Instead of opening the capsule and expelling the lens from it, we may 
extract the lens along with the capsule and without opening the latter. 
For this purpose, after completing the section and excising the iris, we 
pass a special form of scoop behind the lens, and, at the same time 
maintaining pressure upon the cornea, lift the lens out of the eye. 
This operation is successful only when the capsule is thickened, since a 
capsule of normal thickness, when the attempt was made to remove it 
in toto with the lens, would rupture every time. Hence, this method is 
adapted only to cases of hypermature and complicated cataracts in 
which there are obvious signs of thickening of the capsule. It has the 
advantage that the entire lens is certain to be removed, and conse- 
quently that no material for an after-cataract can be left behind; but 
it is very frequently associated with loss of vitreous, since the scoop 
which is introduced behind the lens ruptures the hyaloid membrane in 
the fossa patellaris. 

2. Hetraction by Wenzel’s Method.—This is designed for those cases 
in which there is adhesion of the surface of the iris to the lens (total 
posterior synechia). A curved incision directed downward is made 
either in the limbus or in the transparent cornea. This is so managed 
that, directly after the puncture is made in the cornea, the knife is 
passed through the iris and carried on behind the latter—that is, 
through the lens—to the opposite side, where the counter-puncture is 
made. If, then, the section is completed, there is formed at the same 
time with the incision in the cornea a flap composed of the iris and the 
anterior capsule of the lens. This flap we try to excise over as great 
an area as possible, in order to secure a large aperture in the iris and 
the lens-capsule. ‘hen the lens is delivered. This operation is indi- 
cated when, owing to the presence of total posterior synechia, iridec- 
tomy can no longer be performed. ‘There is then, in fact, no way of 
making an open pupil except to remove the lens along with the iris, 
even though the former is still transparent. 

Accidents occurring in the Operation for Cataract.—The extraction 
may be made difficult or fail altogether, owing to accidents of various 
nature. Many of these are the fault of the operator. If the section 
proves to be too short, or if the capsule is insufficiently opened, the 
delivery of the lens is difficult or impossible. In this case the section 
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must be enlarged, or the capsule must be again ruptured, and this time 
more thoroughly. If the operator exerts too strong a pressure with his 
instruments upon the eyeball as a whole, or upon the iris or lens, the 
zonula ruptures and theivitreous gushes out. The greater the opera- 
tor’s skill grows with practice, the less frequently do these unlucky 
accidents happen to him. But there are other accidents which are 
caused by the abnormal condition of the eye that is operated upon, and 
in that case it generally does not lie in the power of the operator to 
prevent them, The most frequent of these accidents is prolapse of the 
vitreous. This takes place when the zonula ruptures. Such rupture 
not infrequently happens, because the patient screws his lids tightly 
together and thus presses upon the eyeball. It also occurs when the 
zonula was defective before the operation, and hence especially in 
hypermature and in complicated cataract. The significance of pro- 
lapse of the vitreous for the subsequent course of the operation varies 
according as it takes place before or after the delivery of the lens. In 
the former case the lens can not be evacuated in the usual manner by 
pressure exerted upon the eye; for then the larger part of the vitreous 
would escape before the lens itself came away. Hence, the lens must 
be drawn out of the eye with instruments—i. e., extracted in the true 
sense of the word. For this purpose the proper instruments are 
Weber’s loop or Reisinger’s double hook, which are introduced behind 
the lens and lift it out by force of traction. 

Prolapse of the vitreous is much less to be dreaded when it takes 
place after delivery of the lens. The most serious harm that prolapse 
then does is that it hinders the accurate replacement of the iris, and 
also that the prolapsed vitreous lies between the lips of the wound and 
prevents their accurate coaptation. The vitreous may also give rise to 
suppuration of the wound, since it is very prone to become infected. 

A rare but unpleasant accident is that in which the lens, before be- 
ing delivered, becomes /uxated, and disappears into the vitreous from 
which ordinarily it can not be extracted. 

163. Result of the Cataract-extraction.—An eye whose lens has been 
removed is aphakic. It presents the following appearance when the 
operation and the healing of the wound have pursued a normal course : 
The cicatrix left by the operation, if situated in the cornea, appears as a 
narrow gray line; if the section has been made in the limbus or in the 
sclera, the resulting cicatrix becomes later on almost unrecognizable. 
The anterior chamber is abnormally deep, the iris is tremulous and, 
when the operation has been done with iridectomy, presents a coloboma 
above. The pupil is of a pure black, but on lateral illumination pre- 
sents to view a membrane of silky luster, which not infrequently is 
thrown into folds. This is the lens-capsule which was left in the eye 
when the lens wasremoved. The capsule is left, partly because it would 
be impossible to remove a normal, non-thickened capsule intact from 


698 OPERATIONS. 


the eye; partly because the capsule along with the zonula forms a 
diaphragm which, being stretched between the ciliary processes, keeps 
the vitreous in the eye, so that, in removing the capsule, we would 
always run the risk of having prolapse of the vitreous. It is, however, 
only the posterior capsule of the lens (2, Fig. 170) which is intact 
throughout. The anterior capsule (v,v,), Where it occupies the area 
of the pupil, is lacerated and in part defi- 
cient; the remains of it are apphed di- 
rectly to the posterior capsule. Since both 
capsules are transparent, the pupil appears 
round and black. Behind the iris the an- 
terior capsule, where it was protected from 
the instrument used for making the open- 
ing, is preserved intact, and in conjunction 
with the posterior capsule incloses remains 
of the lens, which correspond to what was 
once the equator of the latter (Fig. 170, £). 
As the anterior and posterior capsules be- 
come agglutinated together in the pupil- 
lary area, these remains of the lens are 
shut off from the aqueous, and can not 
therefore be absorbed ; in fact, they usual- 
ly increase in amount, owing to prolifera- 
tion of the cells of the capsule. They then 
form an annular swelling lying behind the 
iris (Soemmering’s crystalline swelling). 
The lumen of the ring, which corresponds 


Fia. 170.—CROss-SECTION THROUGH 
THE ANTERIOR SEGMENT OF AN 
EYE, UPON WHICH AN EXTRAC- 
TION HAS BEEN PERFORMED BY 
MEANS OF A SCLERAL SECTION. 


metropia. 
metropia afterward amounts on an average to from 10 to 12 D. 


MAGNIFIED 4 x 1. 


The section s which was made up- 


ward lies by its inner portion 
in the cornea, by its outer por- 
tion in the sclera ; the latter is 
covered by the conjunctival 
flap, b. At a point correspond- 
ing to the section the iris is 
wanting, except for a short 
stump. The anterior capsule 
presents a large aperture, the 
edges of which (v, v,) are curled 
over, while the posterior cap- 
sule, h, although slightly fold- 
ed,is unruptured. Inthe lower 
part of the eye behind the iris 
the remains of the lens which 
are inclosed in the folds of the 
eapsule form Soemmering’s 
crystalline swelling, k, which 
is wanting in the parts above 
that correspond to the colo- 
boma. 


to the pupil, is closed by a thin, transpar- 
ent membrane consisting of the two ap- 
posed layers of the capsule. As the opaque 
and swollen mass is concealed completely 
behind the iris, it in no way interferes with 
vision. If the operation has been made 
with an iridectomy, the mass is wanting in 
the course of the coloboma, because the 
anterior capsule was opened there likewise. 

Without glasses the sight of persons 
who have been operated upon for cataract 
is just sufficient to allow them to go about 
alone or to do very coarse work. Distinct 
vision is possible only with the aid of con- 


vex glasses, since by the removal of the lens the refractive power of the 
eye has become too small, and hence there is a high degree of hyper- 
If the eye was emmetropic before the operation, the hyper- 


It is 
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otherwise in cases in which an error of refraction already existed be- 
forehand. If ahypermetropia was present previously, it is added to that 
which is acquired by the operation, and makes it greater by just its 
own amount. If, on the other hand, the eye was myopic before the 
operation, the subsequent hypermetropia is so much the less ; extremely 
myopic eyes may actually become emmetropic after a cataract operation 
or even remain a little myopic. The aphakic eye, moreover, is desti- 
tute of accommodation. ‘The eye is incapable of altering its refractive 
state. Hence it follows that by any single glass the latter is corrected 
for a single distance only. Accordingly, an eye operated upon for 
cataract needs at least two glasses—one for distance, the other for near. 

It often happens, even in cases in which the operation has been 
well performed, that the result of the operation is impaired by the 
retention of portions of the cataract. ‘This happens particularly when 
the operation is done on immature cataracts, but by no means fails to 
occur also in those that are mature and hypermature. If the anterior 
capsule is thoroughly opened, the portions of lens left behind (if they 
were not already opaque previously) grow opaque, swell up, and become 
absorbed. In this case, therefore, a pure black pupil is ultimately ob- 
tained. But if the layers of the capsule become agglutinated early and 
shut off the remains of lens-substance from the aqueous, these remains 
are not absorbed but persist as a white membranous opacity. This is 
called after-cataract (cataracta secundaria). If this is present in only 
one part of the pupil while another part of it is quite clear, the sight 
may be perfect. But if the whole pupil is filled by the secondary 
cataract, the sight is diminished in proportion to the density of the 
opacity. It may also happen that the after-cataract does not develop 
until later on; the epithelium of the anterior capsule which has been 
left behind proliferating and inducing a secondary thickening and 
opacity in the latter. 

After-cataract, when it interferes with sight, requires a secondary 
operation—namely, discission or simple linear extraction. The second- 
ary operation should be performed not sooner than four weeks at 
earliest after the cataract-extraction. 

The result of a cataract-operation may furthermore be impaired by 
inflammation (see pages 671, 672). If suppuration of the wound sets 
in, the eye is almost always lost. If irido-cyclitis develops, the secondary 
cataract is united by the exudate which is formed to the iris and even 
to the ciliary processes (cataracta secundaria accreta). It depends upon 
the condition of the light-perception whether the sight in such a case can 
be restored or not by a secondary operation (iridectomy or iridotomy). 

Historicat.—In the preceding lines it has been shown that there are 
various ways open to us for removing cataract. We may either subject it to 
resorption by means of discission, we may tear a hole in it by dilaceration, or 
we may remove it altogether from the eye. But not even by this list are all the 
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methods of restoring the sight of an eye blind with cataract exhausted. We 
might also, instead of removing the opaque lens, push it away from its place 
behind the pupil so that the latter becomes free again. This artificial luxation 
is not only practicable, but as a matter of fact it has been practiced for a thou- 
sand years; it is the oldest method of operating for cataract. This method, 
called depression of cataract * (depressio cataracte) was made in the following 
way: A needle was passed into the sclera on the outer side of the margin of 
the cornea and about four millimetres behind it, and it was pushed forward 
until at length it lay against the upper border of the lens. Then the point of 
the needle was lowered by a sweeping movement, and the lens was thus de- 
pressed into the vitreous. At the instant when this was done the pupil became 
black and the patient regained his sight. This was the only method of operat- 
ing upon cataract practiced in ancient times and throughout the middle ages. 
As time went on it was modified in various ways. The last and most important 
modification consisted in turning the lens over instead of depressing it. The 
needle in this case was passed by the margin of the pupil and into the anterior 
chamber, and with it pressure was made upon the upper part of the anterior sur- 
face of the lens. The latter was thus turned over in such a way that its anterior 
surface looked upward, its posterior surface downward. This procedure was 
called reclinatio cataracte. 

The operation, above mentioned, or ‘‘cataract-pricking,” was, as a rule, 
practiced by special physicians. In the middle ages these went from one 
annual fair to another, and there operated upon those who were blind with 
cataract. When the operation had been successfully performed and the hono- 
rarium had been paid, the ‘‘ cataract-pricker ” traveled to another place. He did 
not see his patient again after the operation, and it was a good thing for him 
that he did not, for the later consequences of the operation were as melancholy 
as the immediate result was brilliant. This was founded upon the nature of 
the operation itself. 

The lens that has been depressed into the vitreous lies in the region of the 
ciliary body, with which indeed it may even be in contact. In this situation it acts 
like a foreign body, and excites inflammation. In a favorable case this inflam- 
mation is only just great enough to fix the lens in place by means of an exudate 
and to encapsulate it. Hence, years afterward the lens, diminished in size by 
absorption and inclosed in a hull of connective tissue, is found in the spot to 
which it is carried by the operation. Very frequently, however, the inflamma- 
tion passes the desired limit. A severe irido-cyclitis develops, which annihilates 
the sight by closure of the pupil and the formation of cyclitic membranes, pro 
duces atrophy of the eyeball, and even threatens the other eye with sympathetic 
inflammation. This unfortunate outcome may occur even years after a success- 
ful depression. 

It may also happen that, while no inflammation occurs, the lens fails to re- 
main in its place in the vitreous, particularly when the latter is liquefied. It 
then rises either immediately after the operation or not till later, in some cases 
not till years afterward, and places itself in its old position behind the pupil; 
it may even pass through the pupil into the anterior chamber. In either case 
the vision is again interfered with, and the eye is often destroyed by elevation 
of tension or by irido-cyclitis. 


” 


* [Also couching or displacement of cataract.—D.] 
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The cases in which the lens became prolapsed into the anterior chamber after 
the operation of depression occasioned the first performance of extraction of 
cataract. This method of operating if we are to believe some authors, was 
perhaps practiced now and then even in ancient times, but at any rate it had in 
the middle ages fallen completely into oblivion. The first information that we 
have in regard to it we get from the seventeenth century, when there are several 
instances in which the lens was removed from the anterior chamber into which 
it had got after the operation of depression. The Frenchman Daviel had al- 
ready done this in several cases, when in the year 1745 he first dared to under- 
take this operation upon a cataract which was situated in its normal position. 
In so doing Daviel inaugurated a new era in the history of cataract-operations, 
since from that time the extraction of cataract began more and more to take 
the place of depression. 

The original method of Daviel was naturally very much in need of improve- 
ment. Of the many modifications which it underwent, the last and best was 
that of Beer. The latter made the section with a knife invented by himself, 
which broadens out from point to handle so as to have a wedge shape. With 
Beer’s cataract-knife it is possible to complete the section by simply pushing 
the knife forward after it has been entered, and owing to this fact the section 
acquires a high degree of regularity. The section ran somewhat inside of the 
limbus, and separated exactly the lower half of the cornea from the sclera. 
Then, after opening the capsule, the lens was delivered, but no part of the iris 
was excised. 

Beer’s procedure was soon generally adopted, and was for a long time the 
prevailing method. In successful cases it gave ideal results. The pupil was 
black, round, and perfectly movable, and it was only upon close examination of 
the eye that it could be discovered that an operation for cataract had been per- 
formed at all. Unfortunately, it always happened that a considerable number of 
eyes were lost after this operation, especially by suppuration of the cornea. As 
at that time it was not known that this was caused by infection of the wound, 
the method of operating, and particularly the way in which the section was 
made, were regarded as accountable for it. Hence, other better methods were 
sought after, and this time Von Graefe was the one to take the most important 
step forward and create a revolution in the methods of performing extraction 
by the invention of his process, 

Von Graefe considered that the cause of the suppuration of the cornea in 
Beer’s method lay in the shape of the section which was made with a flap. 
This gives rise to great gaping of the incision, in consequence of which the 
lips of the wounds are not properly applied to one another, and this fact was 
supposed to furnish the cause of the suppuration. Von Graefe accordingly 
believed that the linear incisions were preferable, as he had become convinced 
of the promptness with which they healed in the case of simple linear extraction, 
an operation which had already been practiced by him. Accordingly he, as 
well as others, attempted to apply the linear section which was made with the 
lance-knife, and which originally was employed only for soft or shrunken cata- 
racts, to large cataracts with a hard nucleus. With this object in view these 
experimenters tried to make the linear incision as large as possible by placing 
it in the upper part of the cornea, and by combining it with iridectomy. 
Others tried to diminish the size of the lens first by crushing it so as to be able 
to extract it through the section. But these attempts were all unsuccessful. 
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The section always remained too small for the cataract, which in its passage 
contused the lips of the wound, so that inflammation frequently ensued. Jacob- 
son, who sought the remedy in another way, obtained better results. He placed 
the section in the sclera. He gave up the linear character of the section, and 
made a flap-incision, skirting the lower margin of the cornea, but situated still 
in the sclera. With this he combined iridectomy. This method gave better 
results, and particularly a less frequent suppuration of the wound. The cause 
of this was regarded as consisting in the fact that the sclera, as being a vascular 
tissue, is less disposed to suppuration than the non-vascular and hence more 
poorly nourished cornea. 

Von Graefe now attempted to combine in a new method both advantages— 
namely, the linear character of the section, which insures a good coaptation of 
the edges of the wound, and the position in the sclera, which affords protection 
against suppuration of the wound. It soon became apparent to him that a 
linear section, which should be of the necessary length and situated in the 
sclera, could not be performed with the lance-shaped knife. The lance-knife 
must be pushed forward parallel with the plane of the iris, and therefore, as soon 
as it is desired to make a wound of any length at all, produces a section which 
is nearly concentric with the margin of the cornea, and hence has the character 
of a flap (a, a, Fig. 165). Von Graefe accordingly devised the narrow or linear 
knife, which soon proved to be one of the most useful instruments in ophthal- 
mology. With this knife he performed the section in such a way that at its 
center it was in contact with the summit of the cornea, but at its ends was re- 
moved a considerable distance from the corneal margin. The point of puncture 
is determined by means of a tangent (¢, 1, Fig. 171), which is conceived to be 


Fig. 171.—Mopirrep LINEAR EXTRACTION BY VON GRAEFEe’s METHOD. MAGNIFIED 2 x 1. 


The section, s, s,, lies in the sclera ; the re shows a large coloboma with very divergent 
pillars, ac. 


drawn through the external margin of the cornea; the puncture (s) is situated 
in this and at that point of it where it is at a distance of one to one and a half 
millimetres from the margin of the cornea. The point of counter-puncture, s1, 
lies directly opposite the point of puncture. While the section is being per- 
formed, the edge of the knife, which at first was directed straight upward, is 
turned a little forward, so that the center of the section gets to lie behind the 
limbus. The new way of making the section had the conjunctival flap and iri- 
dectomy as its necessary concomitants. The iridectomy had to be performed 
as a regular thing, since otherwise the iris, owing to the peripheral situation of 
the wound, would certainly have become incarcerated in it. (In the old meth- 
ods of extraction iridectomy was done only when there was some necessity for 
it.) As cataract-operations combined with iridectomy were called ‘‘ modified ” 
operations, Von Graefe designated his new method as ‘‘ modified linear ex- 
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traction” (in contradistinction to the simple linear extraction). Later on one 
made a virtue of necessity, and laid special stress upon the advantages of the iri- 
dectomy that was combined with the extraction. It prevented, they said, the 
incarceration of the iris, made it possible to open the capsule more thoroughly, 
facilitated the removal of the remains of the cataract, and afforded a pro- 
tection from subsequent inflammation of the iris. Hence, people soon got to 
regard the excision of the iris as one of the additional advantages of the new 
method. 

The results of Von Graefe’s linear section were, in fact, much better than 
those which the earlier methods had given. Suppuration of the wound, in 
particular, had become less frequent. But yet the method had its dark side, 
too. Its performance required more operative skill, and the delivery of the 
lens was made more difficult, owing to the slight tendency to gape that the 
wound possessed. Other disadvantages arose from the peripheral situation of 
the section, which brought the latter, especially at its extremities, close to the 
zonula and the ciliary body. Prolapse of the vitreous was frequently met with, 
and also inclusion of the pillars of the coloboma in the wound. While suppura- 
tion of the wound proved to be less frequent, iritis and irido-cyclitis became 
proportionately more common, and in consequence sympathetic disease of the 
other eye was observed more frequently than before. These facts induced 
operators to depart more and more from this section, which was felt to be too 
peripheral in its situation, and in particular led them to place the extremities 
of the latter near the cornea. If Von Graefe’s original section, as Von Graefe 
himself gave it, was itself not a pure linear incision, this is still more the case 
with the section as it was subsequently performed. It had become a curved 
section, forming an arc of small altitude. Under this somewhat modified form, 
scleral extraction soon became the method that was generally employed. I 
myself make this section as it is shown in Fig. 168, and as it is described on 
page 693, under the name of scleral flap-extraction. This form of section has, 
it is true, developed gradually out of the linear section of Von Graefe, but it is 
no longer entitled to the same name. 

Since with the introduction of the antiseptic method the danger of suppura- 
tion of the wound has been reduced to a minimum, operators no longer hesitate 
to make the section in the limbus or in the transparent cornea itself—as, for 
example, is done in the corneal flap-extraction above described. Other im- 
provements that have been made have had regard to the excision of the iris. 
Operators had already learned by careful reposition of the iris to avoid the 
dangers arising from its incarceration. When this is done there is no need of 
making a large coloboma such as Von Graefe had described. I myself take 
pains to make the excision of the iris as slight as possible (Fig. 168). With 
this object in view, I draw the iris from the wound only far enough for its 
pupillary margin to become visible, and then, holding the scissors-forceps per- 
pendicular to the direction of the wound, snip off simply the apex of the tag of 
iris. A small coloboma averts prolapse of the iris as certainly as does a large 
one (see page 675), and causes less confusion from dazzling. 

When at length surgeons again adopted the section in the cornea, they took 
the last step and operated entirely without iridectomy, as Daviel and Beer had 
done in former times. 

The opening of the capsule was made by Von Graefe with a cystitome—1. e., 
with a triangular-cutting lancet, and by others was made with the discission- 
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needle or with a sharp hook. An important improvement has been the intro- 
duction of the capsule-forceps for opening the capsule. With this the anterior 
capsule is not only split, but also has a piece taken out of it. Thus, the capsu- 
lar wound is prevented from closing quickly again, and in this way from inter- 
fering with the resorption of the fragments of the lens that remain. Since the 
employment of the capsule-forceps, secondary cataract has become much less 
frequent, although at present unripe cataracts are operated upon much more 
often than formerly. 

In recent times many operators have followed the extraction with irrigation 
of the anterior chamber with weak antiseptic solutions, partly in order to wash 
out the fragments of lens which remain behind, and partly to disinfect the in- 
terior of the eye (MacKeown, Wicherkiewicz). I have employed irrigation 
pretty often, but without seeing any essential advantages accruing from it. 

Besides the methods of extraction which have been described, there are an 
innumerable number of others, distinguished by differences in the form and 
position of the section, in the way of excising the iris, in the method of open- 
ing the capsule, etc. Many operators placed the incision farther in the cornea 
(Lebrun, Liebreich)—in fact, even in its center (Kichler). Others performed 
the section with hollow-ground knives—e. g., Weber with a concave lance, 
Eduard Jager with a concave knife. It would carry us too far to describe all 
these methods in detail. We know now that the success of the operation 
depends far less upon the way in which the section is made than upon the 
cleanliness of the operator. 

In many persons who have been operated upon for cataract the symptom 
of erythropsia (= red-sight, from épuvOpos, red) is observed. It generally first 
shows itself after the patients have been discharged as cured and allowed to 
go home. These patients say that suddenly everything appears of a vivid red 
color. This phenomenon lasts for a period varying from a few minutes to 
some hours, and is apt to recur quite frequently. It is most commonly excited 
by dazzling of the eye, and sometimes also by heating of the whole body. The 
nature of this phenomenon, which does the patient no further harm, is unknown. 
In rare cases it has also been observed after other operations (iridectomy), and 
has even been observed in eyes that have not been operated upon at all. 


CHAPTER: If. 
OPERATIONS UPON THE ADNEXA BULBI. 
I. SQUINT-OPERATIONS. 


(a) Relaxation of an Ocular Muscle ( Tenotomy). 


164, TENoTomy is performed upon the internal or external rectus; 
very rarely, indeed, upon the other ocular muscles. 

Tenotomy of the internal rectus by Arlt’s method is performed as 
follows: The conjunctiva on the inner side of the cornea is lifted up 
with a fixation-forceps so as to form a horizontal fold in which a verti- 
cal cut, situated about four millimetres from the margin of the cornea, is 
made with a single snip of the scissors. The incision is then enlarged 
upward and downward, and the conjunctiva to the nasal side of it is 
undermined. Starting from the wound, the fixation-forceps is passed 
inward till it reaches the tendon, which is grasped, drawn somewhat away 
from the eyeball, and divided close to its insertion in the sclera. For 
this purpose a small pair of curved scissors is used, the branches of 
which should have blunt points, so as not to stick into the sclera. 
After dividing the tendon the next thing to do is to see whether there 
are not some strands of tendon still remaining at its upper or lower 
border. A squint-hook is accordingly passed in beneath the tendon 
and is carried upward and downward so as to explore all parts, the in- 
tention being to catch up upon the hook any fibers that may chance to 
be intact and then to divide them. 

After the division of the tendon has been completed, a test must be 
made of effect of the operation, which should be neither excessive nor 
insufficient. We first (1) make the eye that has been operated upon 
turn toward the side of the divided muscle. If the tendon has been 
cut through completely, there must be a considerable diminution of the 
motility inward. If the eye can be turned inward as well as it could 
before the operation, this proves that some strands of the tendon have 
remained undivided. As in this case the result of the operation would 
be nil, these fibers must be sought out with the hook and divided. (2) 
We make the patient fix his gaze upon the finger held in front of him, 
and then keep bringing the latter nearer and nearer to his eyes. After a 
properly performed tenotomy of the internus, a convergence to at least 
twelve centimetres should be still possible. If the eye that has been 
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operated upon halts in its movement of convergence before it reaches 
this point, this argues an excessive effect of the operation. The work- 
ing capacity of the internus is then so greatly weakened that we should 
have to fear the subsequent development of a divergent strabismus. In 
this case the effect of the operation would have to be restricted once 
more. The extent to which the strabismic deflection is corrected by 
the operation is to be regarded as of only secondary importance. In 
fact, when the deflection is great, the correction can not possibly be 
secured by a single tenotomy.* 

When, by testing in the manner given, the effect of the operation is 
discovered to be satisfactory, the operation is finished by uniting the 
conjunctival wound with a suture. 

The operation can be rendered painless by means of cocaine; but 
for this purpose it is requisite that cocaine should be instilled not only 
before but also repeatedly during the operation. 

Tenotomy of the external rectus is performed in an analogous fash- 
ion. We must simply keep in mind the fact that the insertion of the 
external rectus lies farther from the cornea than does that of the in- 
ternus. 

Tenotomy acts by displacing the insertion of the divided muscle to 
a spot situated farther back. Let us assume that the case is one of an 
operation upon a convergent strabismus, in which the internus is short- 
ened by a certain amount. ‘The externus is elongated to the same de- 
gree by being stretched just as it is whenever the eye rolls inward. 
The muscle thus put upon the stretch attempts to return to its normal 
length, but can not accomplish this, owing to the resistance of the 
shortened internus; but, as soon as this resistance is removed by the 
division of the internus, the externus contracts and draws the eye out- 
ward, so that the position due to the squint is corrected. As this takes 
place, the divided tendon of the externus glides upon the sclera to a 
point situated proportionately far back, and there becomes attached 
anew to the sclera. Owing to the fact that the insertion of the in- 
ternus now lies farther back, the latter suffers permanent impairment 
in the effect that it exerts upon the eyeball. The immediate result of 
the operation is greater than it is found to be afterward. The more 
solid is the union which the divided tendon forms again with the sclera, 


* {A third and more delicate way of testing the effect of the operation is by the 
prismatic tests, which are frequently employed, especially in the graduated or “ par- 
tial” tenotomies done for the correction of insufficiencies. In the latter class of 
cases the amount of insufficiency is accurately measured by the prismatic tests be- 
fore the operation, a certain amount of correction is made by tenotomy (or advance- 
ment), the test repeated, and the operation continued according to the indications 
furnished by this second test. It not infrequently happens that three or four such 
successive tests are made during the performance of the operation, the effect of 
which can thus be gauged with such nicety that in hyperphoria, for example, a de- 
flection of only a fraction of 1° is corrected with almost absolute accuracy.—D.] 
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the stronger is the action which it can exert, and thus the effect of the 
operation diminishes in the succeeding four or six weeks. 


(L) Advancement of an Ocular Muscle. 


Advancement consists in a displacement of the insertion forward, 
and consequently is an operation that is the opposite of tenotomy. It 
is performed upon the antagonists of the shortened muscle, and always 
in conjunction with tenotomy of the latter. Suppose, for example, that 
the case is one of strabismus divergens. In this case the internus 
would be advanced in the following way: A tenotomy of the externus 
is first performed in the regular way; then the conjunctiva over the 
tendon of the internus is divided just as for tenotomy of this muscle. 
The exposed tendon is caught up upon a squint-hook that is pushed be- 
neath it, and then two threads are passed through the tendon some 
millimetres behind the line of insertion. These are passed through 
from behind forward, one near the upper, the other near the lower 
border of the tendon, T'enon’s capsule and the conjunctiva being in- 
cluded at the same time. The tendon, which now being held fast by 
the threads, can not slip back into the orbit, is next divided close to 
the sclera.* ‘lhe upper of the two threads is now carried forward from 
the conjunctival wound along ‘beneath the conjunctiva as far as the 
upper margin of the cornea, where it is brought out again. In lke 
manner the lower thread is carried beneath the conjunctiva to the 
lower margin of the cornea; then the upper and lower threads are tied 
separately. The tighter the threads are drawn, the farther is the ten- 
don carried forward. In this way the effect of the operation can be 
regulated. 

By advancement the insertion of the muscle is brought nearer the 
cornea, and thus there is given to it more power over the eye. The 
farther forward the extremity of the tendon is attached, the greater is 
the effect of the operation. Later on, however, the effect diminishes, 
for which reason the operation is regulated in such a way that at first 
an over-correction is obtained. 

156, Indications for the Squint-operations.—1. Concomitant strabis- 
mus is the most important and most frequent indication for perform- 
ing the squint-operations. In convergent strabismus the operation is 
indicated in all cases which can not be cured by non-surgical means. 
A simple tenotomy corrects a squint of about three or four millimetres. 
If the strabismic deflection is considerably greater than this amount, a 
second tenotomy must be performed in addition upon the other eye. 
This should be done not sooner than fourteen days, and later if possi- 
ble, after the first tenotomy, in order that we may judge of the final 


* [Sometimes also the portion of the tendon to the corneal side of the suture 


is exsected.—D. | 
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result of the first operation and gauge the second accordingly. The 
effect of the squint-operation depends mainly upon the state of the 
antagonist of the contracted muscle, whose task it is to bring the eye 
back into its proper position after the tenotomy. When, after a 
squint has lasted a long time, the antagonist has lost a great part of 
its strength, the effect of a simple tenotomy is very slight. For such 
cases advancement of the antagonists is indicated to increase this 
strength. 

In convergent strabismus it sometimes happens that divergence of 
the eyes sets in quite a long time after a successful operation. ‘To 
avert this danger, the strabismic deflection should never be completely 
corrected, but the tenotomy should rather be so gauged that a slight 
degree of inward squint, such as shall not be perceptible to the laity, 
remains. After the operation that convex glass is prescribed which is 
demanded by the hypermetropia that is usually present. If the eye 
which has formerly squinted is not too amblyopic, we also institute ex- 
ercises in the practice of binocular vision, partly to prevent the return 
of the squint, partly to remove the slight degree of convergence which 
has been left. 

In divergent strabismus the effect of tenotomy is much slighter. 
The correction here amounts to not more than two millimetres on an 
average, and, moreover, is afterward considerably reduced. Hence, in 
order to obtain the desired result, the attempt must be made to pro- 
duce a considerable over-correction of the squint. A single tenotomy 
is hardly ever sufficient for this purpose; we must at least perform a 
tenotomy in both eyes, and generally an advancement in addition. As 
it never happens that a divergent strabismus is spontaneously trans- 
formed into a convergent strabismus, one need have no fear of making 
a thorough operation. 

That form of strabismus divergens which develops from strabismus 
conyergens, after too extensive a tenotomy, is associated with consider- 
able enfeeblement of the divided internus, and hence always requires 
the advancement of the latter. 

2. Insufficiency. Ordinarily it is only insufficiency of the interni 
that furnishes the occasion for tenotomy, which is then performed upon 
one or both of the externi. It is done—(a) When the insufficiency 
causes the symptoms of a muscular asthenopia. (6) When the insuf- 
ficiency threatens to pass into strabismus. (c) When the insufficiency 
exerts harmful influence upon myopia by favoring the progress of the 
latter. The performance of tenotomy, however, should not be resolved 
upon until all non-operative measures have proved to be fruitless. 
Furthermore, the insufficiency must be so considerable that it will not 
possibly be transformed into its opposite, or an insufficiency of the ex- 
terni, by tenotomy; we should then have to deplore the development 
of a convergent strabismus with a tormenting diplopia as a result of 
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the operation. On the whole, the performance of tenotomy for insuf- 
ficiency is comparatively rare at the present time.* 

3. Paralytic strabismus. In this the squint-operation is indicated 
only when we are dealing with an old paralysis, the spontaneous cure 
of which is no longer to be counted upon. If the paralysis is com- 
plete, so that the paralyzed muscle is no longer able to exert any effect 
whatever upon the eyeball, the operation is fruitless. The operation is 
only of service when the muscle, although enfeebled, is still capable of 
performing its functions, and the strabismic deflection is caused mainly 
by the contracture of the antagonist. It is only in the slightest cases 
that we can attain our object by making a tenotomy of the contracted 
muscle; as a rule, we must combine this with advancement of the para- 
lyzed muscle. In many cases we operate not upon the paralyzed but 
upon the sound eye. Suppose, for example, that the inferior rectus of 
the right eye has been left permanently enfecbled by a paralysis, so that 
troublesome double images are formed upon looking downward. In 
this case we may, by tenotomy of the inferior rectus of the left eye, also 
limit its capacity for making excursions downward, and thus remove 
the troublesome symptom—namely, the diplopia.t+ 


*[In this country, however, tenotomy and advancement are pretty frequently 
performed for the relief of insufficiency. Moreover, these operations are done not 
only for insufficiency of the interni (exophoria), but also, and perhaps more fre- 
quently, for insufficiency of the externi (esophoria); and tenotomy or advancement 
of the inferior or superior rectus for vertical insufficiency (hyperphoria) is also quite 
common. Indeed, as far as the relief of muscular asthenopia is concerned, the re- 
sults of the operation in vertical insufficiency are both more satisfactory in their 
immediate effects, and also more permanent than is the case with tenotomy of the 
lateral recti. As hyperphoria is a much more frequent condition than formerly 
supposed (being, for example, found by the translator in one third of the cases 
which he has examined), it seems likely that some of the previous failures in the 
treatment of muscular asthenopia by operation have been due to the failure to ap- 
preciate this important condition, the operator confining himself simply to a cor- 
rection of the lateral insufficiency.—D. ] 

+ [This operation—namely, tenotomy of the homonymous muscle of the other eye 
—was the one recommended by the elder Von Graefe in cases of paresis of the supe- 
rior and inferior rectus. Alfred von Graefe, however, prefers in such cases advance- 
‘ment of the paretic muscle itself, a procedure which he calls the “substitution 
operation.” In the case of the other muscles the same authority has demonstrated 
that the most serviceable operation is tenotomy of the associated antagonist—i. e., 
of that muscle of the other eye which turns the latter in the same direction as the 
muscle affected would, when in the normal state, turn the eye to which it belongs. 
Thus, in case of paresis of the right internal rectus, external rectus, superior oblique, 
and inferior oblique, their respective associated antagonists—namely, the left ex- 
ternal rectus, internal rectus, inferior rectus, and superior rectus—would be divided. 
The reason for this operation, which Von Graefe calls the “ compensating opera- 
tion,” is obvious when we consider that by division of the associated antagonist we 
limit the movement of the sound eye in precisely the same way that the movement 
of the affected eye is limited by the paresis. Thus, paresis of the right inferior ob- 
lique restricts the movement of the right eye upward and outward (to the right), 
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Tenotomy of an ocular muscle was first tried by Stromeyer upon the cadaver 
and some years later (1839) was also performed by Dieffenbach upon the living 
subject. Dieffenbach did not divide the tendon, but the belly of the muscle. 
Hence, it not infrequently happened that the posterior half of the muscle re- 
tracted so far that it could never again become attached to the eyeball. The 
divided muscle was then completely paralyzed, and when the operation had 
been performed upon a convergent strabismus, the latter was transformed into a 
marked divergent squint. Owing to such bad results, the operation gradually 
fell into such disrepute that surgeons were on the point of giving it up again. 
Then Bohm proposed a new and improved method, namely—the division of the 
tendon as we practice it now. Von Graefe added to this the method of regulat- 
ing the operation with precision, showing how its result could be increased 
or diminished. Von Graefe performed the operation, and most other operators 
still perform it, somewhat differently from the way described above. He did 
not grasp the tendon with the forceps, but with a hook, upon which he made 
his cut dividing the tendon, and then used a second smaller hook for the pur- 
pose of exploring after undivided strands of tendon. 

Advancement was first performed by Guérin and soon after by Von Graefe. 
The latter proposed the procedure known as the thread operation. This is dis- 
tinguished from the method above described only in the following particular: 
The contracted muscle is not divided directly at its insertion, but somewhat 
behind it, so that a short portion of the tendon remains upon the sclera. 
Through this portion a thread is passed by means of which the eyeball can be 
drawn as far as desired toward the opposite side. After the operation has 
been finished, the ends of the thread are fastened in the vicinity of the eye by 
means of adhesive plaster, so as to keep the eyeball in the position desired. In 
this way both the effect of the operation is increased and the tension upon 
the muscle that had been advanced is lessened. 

How does tenotomy of a muscle weaken the latter? Let us assume that a 
tenotomy has been performed upon the right internus for right convergent 
strabismus. After the division of the tendon, the externus draws the eye out- 
ward. For this reason, and also on account of the elastic contraction which 
every divided muscle shows, the tendon of the internus becomes attached far- 
ther back upon the sclera. The insertion of the muscle is thus approximated to 
its point of origin at the optic foramen, and the muscle is shortened. Before 
being divided, the muscle in its relaxed state had a certain length, from which 
by its contractile force it was able to shorten down to a certain minimum. 
After the division this minimum remains the same, but the length of the muscle 
in the state of relaxation is less; hence, the difference between the state of rest 
and of maximum contraction is diminished. But this difference corresponds 
to the power of adduction of the eye, which, accordingly, is permanently reduced 


and also restricts the rotation of its vertical meridian outward (to the right); and 
tenotomy of the associated antagonist (left superior rectus) restricts the movement 
of the left eye upward and inward (to the right), and also restricts the rotation of its 
vertical meridian inward (to the right). In paresis of the superior and inferior ob- 
liques the compensating operation alone is sufficient; in paresis of the external and 
internal recti, the compensating operation (tenotomy of the internal or external 
rectus of the other eye) usually needs to be supplemented by tenotomy of the in- 
ternal or external rectus of the same eye (“equilibrating operation”), and often also 
by advancement of the paralyzed muscle itself.—D.] 
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after the tenotomy. We can readily convince ourselves that after an operation, 
the eye can not be brought inward as far as it could before; indeed, it is 
from this fact that we determine whether the operation has been successful. 

It is hence clear that the correction of the faulty position due to the squint 
is purchased at the expense of the adduction. In fact, the loss in the motility 
inward is always greater than the gain in the position of the eye. The former 
loss, however, is ordinarily of no importance, since in convergent strabismus 
the adductive power is abnormally great. Hence, even if it is reduced by the 
operation to a point somewhat below its mean value, this reduction would still 
fail to become noticeable except when the eyes were in the extreme lateral posi- 
tion. But the case is different when the attempt is made to correct a marked 
strabismic deflection by a very thoroughgoing tenotomy of the internus, with 
which there would necessarily be associated a considerable diminution of the 
power of adduction. We would then, it is true, have the eyes in a correct 
position while the gaze is directed straight forward; but as soon as the patient 
wishes to look toward the side upon which the tenotomy has been performed 
(e. g., in the case of right convergent strabismus, to the left), the eye that has been 
operated upon would not be able to follow the movement properly. When the 
eyes are cast in this direction, divergent strabismus would appear just as in the 
case of a paralysis of the internus. Hence, we ought not to try to compensate 
for a marked strabismic deflection by a unilateral operation, but must distribute 
the operation between the two eyes. A tenotomy is first made upon the squint- 
ing eye, and some weeks later upon the sound eye. Thus, by adding the effects 
of the two operations we obtain the desired effect, while at the same time we 
get only an inconsiderable reduction of the adducting power in each eye. The 
performance of a tenotomy upon the sound eye is the more justified in that this 
eye also shows a pathological increase of adducting power, because patients with 
inward squint always innervate both interni too strongly (see page 578). 

We can form beforehand an approximate estimate of the effect of a simple 
tenotomy. This effect depends essentially upon the condition of the antagonist 
of the contracted muscle. The more powerful this is the greater will be its 
ability to bring the eye into the correct position after the division of the con- 
tracted muscle. But for the force of the muscles we have a sure gauge in the 
amount of the lateral excursion (abduction and adduction) which we can deter- 
mine (see page 535). This measurement, therefore, should be performed before 
every squint-operation; then, when the desired effect has been secured by the 
operation, this effect can be still further increased or be diminished by appro- 
priate means (regulation of the effect). 

The methods of increasing the effect of the operation are: 

1. Relaxation of the lateral invagination of the tendon. By this latter term 
is meant the connection which, at the spot where the tendon passes through 
Tenon’s capsule, exists between these two structures. This connection still 
persists after tenotomy, since the tendon is divided inside of Tenon’s capsule. 
In this way is explained the fact that the muscle, although separated from the 
eyeball, has not yet lost all action upon the latter, since it still moves Tenon 8 
capsule, and thus indirectly the eye as well. By the lateral invagination, too, 
the tendon is kept after its division in the vicinity of the sclera, 80 that it can 
become reattached to it. The more this connection is interfered with, the more 
will the tendon retract and the farther back will be the point at which it be- 
comes reattached to the eyeball. Accordingly, we can heighten the effect of the 
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operation by dividing the connective tissue on both sides of the tendon and 
setting the tendon itself free. We should not, however, proceed so far as to 
separate the tendon completely from Tenon’s capsule, since in that case it would 
retract altogether into the orbit and would not again form an adhesion with 
the eyeball. We might then, as in the case of Dieffenbach’s operation, have to 
deplore an excessive result. 

2. Insertion of a sutwre which reinforces the action of the antagonist (Von 
Graefe, Knapp). In tenotomy of the internus the suture is applied to the outer 
side of the eyeball. The thread is introduced close to the external margin of 
the cornea and parallel with it. One end of the thread is afterward passed from 
within outward through the external commissure, and is then tied to the other 
end. The tighter the thread is drawn while being tied the more will the eye be 
rolled outward. In tenotomy of the externus the suture must be inserted on the 
inner side of the eyeball. 

8. Advancement of Tenon’s capsule (De Wecker). This is performed over the 
antagonist whose action it is desired to strengthen—i. e., in convergent strabis- 
mus over the externus. We proceed as in advancement of the tendon, exposing 
it and passing threads through it and the conjunctiva, which draw the tendon 
forward and Tenon’s capsule along with it. From advancement this method is 
mainly distinguished by the fact that the tendon itself is not divided. 

To diminish the effect of the operation the following means are at our com- 
mand: 

1. When the suture is applied which is designed to close the wound in the 
conjunctiva, a wide and deep grasp is taken upon the conjunctiva, so that the 
needle is passed through Tenon’s capsule as well. Then, when the knot is 
drawn tight, the tendon is drawn forward a little along with the conjunctiva. 

2. If it is apparent that the divided muscle has suffered too great impair- 
ment of its action, its end must be grasped and attached again farther forward 
by means of threads. This event occurs when the connection of the muscle 
with Tenon’s capsule has been loosened to too great an extent, or when the 
operation has been done for a very slight strabismic deviation. It is, in fact, 
better to leave very slight cases of squint unoperated upon. It is true that the 
attempt has been made to modify the tenotomy, so that its action shall be very 
slight, the aim being to effect this by leaving some fibers of the tendon undi- 
vided (Von Graefe and Abadie*). Such a partial tenotomy has, however, had 
no permanent result whatever. We can convince ourselves of this fact in those 
cases in which some fibers of the tendon are unintentionally left. In such cases 
the effect of the operation disappears completely after some length of time. 
The fibers which remain in place prevent the tendon from retracting, so that it 
becomes reattached to the sclera at the same spot as before. 

As regards the jinal result, cases behave differently. The most frequent out- 
come is that the effect of the operation increases somewhat in the first few days, 
then diminishing again, and ultimately becoming less than at first. Sometimes 
the diminution proceeds so far that the effect of the operation almost com- 
pletely disappears and the operation has to be repeated. This is particularly 
apt to be the case in divergent strabismus. In convergent strabismus, on the 
contrary, it sometimes happens that the effect slowly but steadily increases until 
finally divergent strabismus supervenes. This may take place even years after- 


* [And in this country, G. T. Stevens, of New York.] 
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ward. Unfortunately, it is impossible, either before or directly after the oper- 
ation, to foresee with certainty which of these occurrences is going to ensue, so 
that we can not at once take measures to combat them. 

Among the unpleasant results which sometimes accompany tenotomy is 
sinking in of the caruncle, which looks as if it had been drawn far back. This 
condition develops only after tenotomy of the internus, and is due to the fact 
that the muscle as it retracts draws the conjunctive of the inner half of the eye- 
ball after it. This can be prevented if the conjunctival wound is closed with a 
suture and the conjunctiva thus kept in its proper place. Impairment of the 
cosmetic result may also be produced by exophthalmus. This originates from 
the fact that after division of one of the recti the eye is not retracted into the 
orbit with as much force as formerly. For the same reason a slight degree of 
exophthalmus is observed not infrequently in paralyses of the recti. The ex- 
ophthalmus can not be removed, but when it has a disfiguring effect it can be 
concealed, for in exophthalmus of such a slight degree as is here the case the 
conspicuous thing is not so much the protrusion of the eyeball as the increase 
in size of the palpebral fissure which is caused by the protrusion, and this lat- 
ter defect can be corrected by shortening the palpebral fissure at the outer angle 
of the eye (tarsorrhaphy). During the after-treatment of a squint-operation 
there is not infrequently formed a nodule of granulation, growing out of the 
sclera at the site of the conjunctival wound. Subsequently this becomes con- 
stricted at its base and ultimately falls off. It may also be snipped off with the 
scissors. 

Serious accidents, such as suppuration of the wound, exudation into Tenon’s 
space, with protrusion of the eyeball, and actual panophthalmitis, can only 
occur when the wound has been infected during the operation. At the present 
time these accidents are among the greatest of rarities. If we should perform 
the operation with a sharp pair of scissors, and at the same time are dealing 
with an unruly patient, it may happen to us to perforate the sclera. If the 
operation has been performed aseptically, this accident will, as a rule, pass over 
without producing any bad results. In general, tenotomy, if carefully per- 
formed, may be said to be perfectly free from danger; and it is one of the 
operations for which patients (especially those of the female sex) are most 
grateful. 

An indication for tenotomy, although, to be sure, a rare one, is found in 
those cases in which we are compelled to make a coloboma upward for optical 
purposes. Such a coloboma, when the palpebral fissure is open only to the 
ordinary extent, is covered by the upper lid. Most patients soon learn to ex- 
pose the coloboma by raising the lid strongly; but, if they should be unable to 
do this, a tenotomy would have to be performed upon the superior rectus, so 
that the inferior rectus may depress the eye and bring the coloboma into the 
palpebral fissure. Obviously this should only be done when the other eye is 
blind, as otherwise diplopia would develop just as in case of paralysis. 


Il. ENUCLEATION OF THE EYEBALL. 


166. Enucleation consists in shelling the eyeball out of Tenon’s 
capsule, the conjunctiva and all the tissues adjoining the eyeball being 
left behind. Bonnet has the credit of having been the first to introduce 
this operation, which he did upon the basis of his studies upon Tenon’s 
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capsule (which hence is also called Bonnet’s capsule). Before this, 
operators were in the habit of cutting the eyeball, together with the 
neighboring soft parts, out with a knife in a way not very different 
from that in which a butcher is accustomed to do it. This much more 
radical operation, which is called extirpatio bulbi, is at the present 
time performed only in those cases in which malignant neoplasms have 
grown out from the eyeball into the tissues of the orbit so that a sim- 
ple enucleation of the eyeball is no longer practicable. By exenteration 
of the orbit (exenteratio orbite) is meant a scooping out of the con- 
tents of the entire orbit, so that nothing but the bony walls of the lat- 
ter are left. This operation, too, is performed only for malignant new 
growths. 

Enucleation, as done by Arlt, is performed as follows: The patient 
is anesthetized, and the lids are separated by Desmarre’s retractors. 
For the operation itself a fixation-forceps and a pair of straight scis- 
sors, which should have one branch blunt and the other sharp-pointed, 
are employed. If the operation is performed on the left eye, the con- 
junctiva close to the external margin of the cornea is first picked up 
and incised. From this wound as a starting-point the conjunctiva is 
divided all round the cornea, and then it is loosened from its connec- 
tions still farther back. Then the external rectus is grasped with the 
forceps and divided behind the latter, so that a stump of tendon re- 
mains attached to the sclera. This serves to hold the eye with, during 
the subsequent course of the operation, which consists in the division 
of the rest of the ocular muscles and of the optic nerve. The blunt- 
pointed branch of the scissors is passed beneath the tendon of the 
superior rectus, and the latter is taken up upon the scissors and is 
divided close to the sclera by a single snip. The same is done with the 
inferior rectus. Then the scissors, closed, are passed from the outer 
side in behind the eyeball to feel for the optic nerve, which when the 
eyeball is drawn forward is put upon the stretch so as to form a hard 
cord. When the optic nerve is felt, the scissors are opened and the 
nerve is cut off as close as possible to the eyeball. As soon as this is 
done the eye can be pulled out of the orbit (luxated) in front of the 
lids. Then the remaining structures attached to the eyeball (the in- 
ternal rectus and the two oblique muscles) are divided as close as can 
be to the eyeball. With this act the enucleation of the eyeball is com- 
plete. A wound cavity is now presented, which is bounded behind by 
Tenon’s capsule, in front by the detached conjunctiva of the eyeball. 
Through the margin of the latter, which corresponds to the limbus of 
the conjunctiva, a thread is passed alternately in and out, so that a 
suture is formed like the string of a tobacco-bag, and when this is 
drawn tight the conjunctiva is completely closed. Then by the use of 
a pressure-bandage we take care that the conjunctiva shall be pressed 
against Tenon’s capsule, so that it may become united with it. 
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In the right eye the operation is performed in the same way, except 
that the detachment of the conjunctiva is begun at the inside of the 
cornea, and the internal rectus is the first thing to be divided. This 
slight difference between the operation upon the right eye and that 
upon the left is explained by the act that we try always to cut from 
right to left with the scissors, as this is the more handy way of doing. 

Healing takes place after enucleation without suppuration and by 
primary union. The cavity which remains after the removal of the 
eyeball is lined by Tenon’s capsule, the raw, inner surface of which is 
presented to our view. Upon it can be recognized the divided ends of 
the ocular muscles, and at its most posterior part the cross-section of 
the optic nerve surrounded by some orbital fat. This raw surface is 
covered by the bulbar conjunctiva, which after being detached from 
the eyeball hangs down so as to form the anterior wall of the wound- 
cavity, and is then carried into the latter, so that its posterior, raw 
surface gets to lie against the anterior, raw surface of Tenon’s capsule. 
The aperture which the conjunctiva has in its center corresponding to 
the cornea has been already closed by the tobacco-bag suture. Hence, 
there is no raw spot remaining uncovered. 

Enucleation, if performed in an aseptic manner, is an operation 
perfectly devoid of danger, The hemorrhage ordinarily is slight, so 
as to require no other measures for its arrest than the application of a 
pressure-bandage upon the closed lids. In case the bleeding is more 
profuse, a tampon of iodoform gauze must be introduced into the orbit 
itself. Under normal conditions the operation-wound heals within 
less than a week. Purulent inflammation (phlegmon) of the orbital 
tissue occurs after enucleation only when the wound has been infected. 
When enucleation is performed upon an eye in which panophthalmitis 
is present, purulent meningitis with a fatal issue sometimes sets in after 
the operation. Panophthalmitis, therefore, is a contra-indication against 
enucleation (see page 322). 

The prothesis (artificial eye) should not be inserted sooner than 
fourteen days at earliest after the operation. It consists of a shell of 
glass, which is made in imitation of the anterior division of the eyeball, 
and which is retained in place behind the lids. After an enucleation 
which has healed in the normal way there is found a cavity clothed 
with conjunctiva, which, behind the upper and lower lid, is converted 
into a deep furrow corresponding to the fornix conjunctive. It is into 
this furrow that the upper and lower rims of the artificial eye are insert- 
ed. The deeper the furrow is the better will it keep the artificial eye in 
place. For this reason we take care in operating to preserve the bulbar 
conjunctiva as much as possible. In cases in which we are compelled 
to remove part of the conjunctiva, the portion which remains may be 
drawn into the cavity by cicatrization, so that the fornix is made pro- 
portionately shallower. In this way it may become impossible for an 
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artificial eye to be worn. The artificial eye moves conjointly with the 
other eye, although its excursions are smaller; for the ocular mus- 
cles, although detached from the eyeball, still retain their connection 
with Tenon’s capsule. They move the latter in the same direction 
that the other eye is moving in, and with Tenon’s capsule they move 
both the conjunctiva which lines it and the artificial eye which rests 
upon the conjunctiva. 

167. The indications for enucleation are: 

1. Malignant tumors upon or in the eyeball, provided they can not 
be removed by a less radical operation with retention of the eyeball. 
In tumors which develop in the posterior section of the eyeball (glio- 
mata of the optic nerve and sarcomata of the chorioid) there is a possi- 
bility that the new growth is in process of transmission backward along 
the optic nerve. In such cases, therefore, the optic nerve is not divided 
close to the eye, but as far back as possible. After the enucleation has 
been performed, the cross-section of the piece of nerve attached to the 
eyeball is examined. If it should prove to be attacked by the new 
growth, the portion of the optic nerve which has been left in the orbit 
must also be sought for and exsected. 

2. Injuries. Enucleation is performed at once (primary enuclea- 
tion), when such a considerable injury is present that the eye is lost 
beyond peradventure. This is the case in extensive laceration of the 
anterior portion of the eyeball, with evacuation of a part of the con- 
tents of the globe. By enucleation in such a case we spare the patient 
the panophthalmitis that otherwise awaits him, or the tedious and pain- 
ful process of shrinking of the eye. 

If the injury is of such a character that the preservation of the eye, 
at least as far as its form is concerned, is not altogether out of the ques- 
tion, we try first to save the eye by initiating that form of treatment 
which is indicated by the nature of the injury. If, nevertheless, inflam- 
mation develops, and the vision of the eye is absolutely abolished, the 
indication then is to perform enucleation (secondary enucleation) in 
order to prevent sympathetic inflammation of the other eye. Enuclea- 
tion should also be performed upon those eyes which have been blinded 
by inflammation in consequence of an unsuccessful cataract-operation. 

3. Lrido-cyclitis, atrophy of the eyeball, and phthisis bulbi furnish 
an indication for enucleation whenever sympathetic ophthalmia threat- 
ens to occur, or has already broken out, And even a condition of pain- 
fulness in the eye which can not be relieved in any other way demands 
the performance of enucleation. This is upon the supposition that 
all hope for retaining or restoring a serviceable degree of vision has 
disappeared. 

4. Glaucoma absolutum, when it is associated with continual pain, 
and when other less radical operations have either been already per- 
formed without success or are impracticable. 
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5. Hetasia of the eyeball. When the eyeball is very much increased 
in size either by large staphylomata of the cornea or sclera, or by 
hydrophthalmus, it torments the patient by giving rise to ecatiarel 
attacks of irritation, by preventing the closure of the lids, and by pro- 
ducing disfigurement. Enucleation is then indicated provided the eye- 
ball can not be diminished in size in any other way (e. g., by a staphy- 
loma-operation). 

6. Hemorrhage which comes from an eye that has been operated 
upon or that has been ruptured, and which can be arrested in no other 
way. 

7. Cosmetic considerations sometimes furnish the indication for the 
removal of a blinded and very disfiguring eye, so as to allow an artificial 
eye to be worn in its stead. 


Many operators use the squint-hook for performing enucleation. The ten- 
dons that are to be detached are grasped with this, drawn out, and divided 
upon the hook. This method is easier, but also more elaborate and more tedi- 
ous, than the method which Arlt devised of picking up and dividing the tendons 
with the scissors directly. 

It sometimes happens that we have to enucleate an eyeball which itself is 
not diseased—e. g., in the removal of large tumors from the orbit when the 
eyeball is so much in the way as to prevent the radical extirpation of the new 
growth. Again, the eye is sometimes deprived of all its supporting structures 
by extensive operations in its vicinity, and would thus be left quite denuded. 
In this case, too, it is better to remove it at the same time that we do the opera- 
tion, rather than to allow it to be destroyed by panophthalmitis. 

The artificial eye should be taken from the orbit every night and be well 
cleaned. In time it loses its luster, and must then be replaced by a new one. 
It not infrequently happens that the conjunctiva is thrown into a state of 
catarrhal inflammation by the mechanical irritation which the artificial eye sets 
up. Then the wearing of the latter must be restricted to a few hours each day, 
or given up altogether for a while, and the conjunctival catarrh must receive 
appropriate treatment. But the opposite of this state of things also occurs— 
namely, that, through wearing an artificial eye, troubles that were formerly 
present are made to disappear. This is the case when, after an enucleation, 
the lids sink back and an entropion develops, in consequence of which the cilia, 
which are directed inward, irritate the conjunctiva. By the insertion of an 
artificial eye the lids receive support; the entropion disappears, and with it van- 
ishes the condition of irritation in the conjunctiva. 

The artificial eye may be worn not only in an empty orbit but also over the 
eyeball. The only prerequisite is that the eyeball shall be diminished in size, 
either as a whole through atrophy or phthisis, or at least in its anterior division 
through applanatio cornem, or as a consequence of ablation of a staphyloma of 
the cornea. An artificial eye when resting upon the natural eyeball has a par- 
ticularly deceptive and natural appearance, and also moves quite perfectly with 
the eye which lies beneath it; while an artificial eye which rests in an empty 
orbit always appears a little too small and too deeply seated, and, moreover, 
does not move as well. Hence, for cosmetic reasons, enucleation should be per- 
formed only when it is absolutely required, and in other cases methods of operat- 


"18 OPERATIONS. 
ing—such as staphyloma-operations—should be preferred which preserve the 
eyeball, although in a diminished form. Unfortunately, the stump of an eye 
does not always bear an artificial eye over it. It may become irritated by the 
latter so as to get inflamed and painful; and, indeed, cases of sympathetic in- 
flammation of the other eye have been actually known to result from the irrita- 
tion of the stump produced by the artificial eye. In such cases either the artifi- 
cial eye must be laid aside, or the too painful stump must be enucleated. 

Inasmuch as the artificial eye acquires such a cosmetic advantage from being 
placed upon the shrunken eyeball, the attempt has been made to replace enu- 
cleation by an operation which does leave a stump in the orbit. This.operation 
is eventeratio bulbi. According to Alfred von Graefe’s method, it is performed 
in the following way: In the first place, the cornea together with an adjacent 
zone of the sclera is removed by first incising the sclera near the limbus with a 
knife, and then detaching it by a circular cut with the scissors. Then the con- 
tents of the eyeball which has thus been opened are scooped cleanly out with a 
sharp spoon, so that the inner surface of the sclera lies exposed. Lastly, the 
opening is closed again by means of sutures passing through the conjunctiva 
and the cut edges of the sclera.* 

In the endeavor to be as conservative as possible, observers have also tried 
to replace enucleation by the division of the nerves going to the eye. This 
operation is optico-ciliary neurotomy (Boucheron, Schdéler). First the conjunc- 
tiva over the internal rectus and then the muscle itself are divided. From the 
wound thus made the scissors are passed backward to the optic nerve, which is 
divided as far back as possible. It is then possible to rotate the eyeball so far 
outward that its posterior segment together with the stump of the optic nerve 
shall appear in the wound. ‘The portion of the optic nerve still attached to the 
sclera is then removed close to the latter, so that, supposing the nerve was 
divided well back the first time, a long piece of it is resected. Next, the pos- 
terior section of the eyeball as far forward as the equator is freed from all tis- 
sues attached to it, in doing which most of the ciliary nerves are divided. 
Then the eyeball is returned to its place in Tenon’s capsule, and fixed there by 
uniting the divided ends of the internal rectus and the divided conjunctiva with 
sutures. After the operation is completed a pressure-bandage is applied. 

Obviously neither exenteration of the eyeball nor neurotomy can replace 
enucleation when there are malignant neoplasms present in the eye. On the 
other hand, they might be substituted for this operation when we are dealing 
with eyes which are to be removed because of being painful, or on account of a 
threatening sympathetic inflammation, Neither method of operation, however, 
has proved to be perfectly reliable. The pain not infrequently returns, and 
sympathetic ophthalmia, too, has been observed after both methods of opera- 
tion. Added to this is the fact that these operations are more difficult to per- 
form than enucleation, and require a considerably longer time for healing. 
They will therefore probably never displace enucleation, although they may 
sometimes be indicated in special cases. 

Exenteration of the orbit is performed as follows: After the patient is anes- 


* [In what is called Mule’s operation, a glass bead is inserted into the eyeball 
after the exenteration of the latter, and then the opening in the sclera is closed by 
sutures, The bead (or “ artificial vitreous”) thus remains permanently inclosed in 
the stump.—D.] 
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thetized, the external commissure of the lids is split to a point over the external 
margin of the orbit. By this procedure the lids are made freely movable, and 
can be turned back, the one up the other down, so as to admit as free Pane 
as possible to the orbit. Then the soft parts behind the everted lids are di- 
vided with the scalpel down to the bony margin of the orbit. From this as a 
starting-point the periosteum is detached from the bone all round down to the 
apex of the orbit. The entire contents of the orbit now form a wedge which 
lies free in the latter, and is attached only at the optic foramen by means of the 
optic nerve and the ophthalmic artery. This pedicle is best divided by some 
blunt instrument, so as to avoid hemorrhage from the artery. Should the latter 
bleed in spite of this, it must be cauterized with Pacquelin’s thermo-cautery or 
with the galvano-cautery, since ligation of this artery is impossible for technical 
reasons. Next, all shreds of tissue still attached to the bone are removed, so 
that the latter is completely denuded. Then the orbit, after suitable irrigation 
with a disinfecting fluid, is packed with tampons of iodoform gauze, and a light 
pressure-bandage is applied over it. 


III. OPERATIONS FOR TRICHIASIS. 


168, The number of operative methods proposed for the relief of 
trichiasis (and distichiasis) is extremely large. Many of the procedures 
advocated are, however, distinguished only by trifling details from each 
other, so that it is sufficient to describe at length only some few of 
the methods which may be regarded as constituting the main types of 
operation. 

Of any good trichiasis operation it must be demanded that it re- 
lieve the faulty position of the cilia and prevent a return to this posi- 
tion (a relapse). Circumstances being the same, preference will be 
given to that method which attains this result with the least amount of 
disfigurement. The obvious procedure for surgeons first to hit upon 
consisted in simply removing that part of the lid which bears the 
cilia (ablation of the zone of hair-follicles). But since the results of 
this method of operating leave much to be desired, it was so modified 
that the zone of hair-follicles was not removed, but simply displaced in 
such a way that the cilia took on the direction desired (transplantation 
of the zone of hair-follicles). By these methods the trouble is removed, 
but without its cause—namely, the distortion of the tarsus—being done 
away with. Hence, still others conceived the idea of curing trichiasis 
by giving the distorted tarsus its normal shape again (straightening of 
the tarsus). Upon some one of these principles depend most of the 
known operations for trichiasis. 

1. Ablation of the Zone of Hair-follicles by Flarer’s Method. Dur- 
ing the operation some firm support upon which the cutting can be 
done must be placed beneath the lid. For this purpose a lamina of 
horn is employed, which is pushed beneath the lid, the lamina being 
either in the simple form of Jiger’s horn-plate or in the complicated 
form of Knapp’s blepharostat [lid-clamp], in which the hd is kept 
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pressed against a horn-plate by means of a metal ring.* After insert- 
ing the horn-plate an incision is made with the lance-knife (or with a 
scalpel) in the intermarginal space, and in fact in that gray line which 
separates the orifices of the Meibomian glands from the roots of the 
cilia (2, Fig. 93). When we make the incision here we get into the 
loose connective tissue which les between the tarsus and the muscular 
fibers of the orbicularis, and which is readily divided. We thus split 
the lid into two lamine, the anterior of which contains the skin with 
the cilia, and the posterior the tarsus with the conjunctiva. ‘This pro- 
cess of cleavage must run along the whole length of the edge of the lid 
and be carried inward to a point over the roots of the cilia—i.e., to a 
distance of about three millimetres from the free edge of the lid. When 
the zone of hair-follicles is thus detached from the tissues beneath it, 
we now need only separate it from its connection with the skin of the 
lid. This is done by an incision carried through the skin parallel with 
the edge of the lid and situated at the limits of the zone of hair-follicles. 
This latter is then connected with the skin of the lid only at its two 
extremities. This connection being now divided with the scissors, the 
zone of hair-follicles (the portion a, bounded by the dotted line in Fig. 
172 A) is detached. A raw surface now remains along the border of 
the lids, the floor of which is formed by the anterior surface of the 
denuded tarsus. This wound heals by granulation within a few days. 

Ablation of the region of hair-follicles has the advantage of sim- 
plicity, and, moreover, when nothing has been left, makes all relapses 
impossible; but it produces a permanent disfigurement, due to the re- 
moval of the cilia, and deprives the eye of the protection which the 
cilia afford. This is of particular importance in the upper lid, where 
the cilia are more numerous and are larger. Moreover, the hard cica- 
trix which is formed at the site of the ablated zone of hair-follicles is 
often a cause of renewed irritation of the eye. Hence, ablation of the 
zone of hair-follicles is at present but rarely performed. It is employed 
upon the lower lid, where the cilia in any case are small and scanty, 
and particularly in cases of partial trichiasis in which the ablation need 
be done only over a short extent of surface. 

2. Displacement (Transplantation) of the Zone of Hair-follicles by 
Jaesche-Arit’s Method. In the upper lid the operation is performed 
by beginning with an incision in the intermarginal space, which divides 
the lid into two lamin as far as the upper limit of the zone of hair- 
follicles, just as in the operation for ablation of the latter. In this way 
the zone of hair-follicles is detached from the underlying tissue and is 
made movable. In order now to draw this zone up and attach it at a 
higher point, the skin of the lid is shortened in the vertical direction 


* [This has the advantage of preventing bleeding during the operation. The 
clamp is also used in any operation upon the lids, such as the removal of small 
tumors, in which deep incisions and much pressure are employed.—D.] 
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by the excision of a fold. The fold to be exsected is bounded by two 
incisions. One runs three or four millimetres above the free border of 
the lid and parallel with it; the other is carried above the first along a 
curved line, so that at its center it is farthest (six to eight millimetres) 
from the first incision, but at its extremities coincides with it. In this 
way an elliptical piece of skin is circumscribed, which then is dissected 
from the underlying tissues with a pair of scissors, care being taken to 
preserve the subjacent muscular fibers. If, then, the two lips of the 
wound are united by a number of sutures, which are applied in a verti- 
cal direction (s, Fig. 172 B), the lower lip of the wound, together with 
the zone of hair-follicles, is drawn well up, and the cilia are in this 
way directed straight. At the same time the incision in the intermar- 


We 


Fie. 172._METHODS OF OPERATING FOR TRICHIASIS. REPRESENTED SCHEMATICALLY IN A SERIES 

oF PERPENDICULAR SECTIONS MADE THROUGH THE UPPER Lip. MAGNIFIED 2x1. 

A, ablation of the zone of hair-follicles by Flarer’s method. B, transplantation of the zone of 
hair-follicles by Jaesche-Arlt’s method. C, elevation of the zone of hair-follicles by Hotz’s 
method. D, straightening of the tarsus by Snellen’s method. , transplantation of the zone 
of hair-follicles by Oettingen’s method. 


ginal space gapes open and displays at its bottom the raw anterior sur- 
face of the tarsus. In order that the zone of hair-follicles may not be 
drawn down again by the cicatrization of this wound, the piece that 
has been excised from the skin of the lid is inserted into the wound so as 
to be implanted there. This piece must be trimmed down so as to fit 
well into the wound (h, Fig. 172 B). If care is taken by proper band- 
aging of the eye to keep the transplanted strip of skin pressed against 
the raw surface forming the bed of the wound, it almost always becomes 
well attached to the latter in healing. 

In performing this operation the mistake is frequently made of ex- 
cising too broad a piece of skin from the cutaneous surface of the lid, 
which thus becomes so much shortened that ectropion or lagophthal- 
mus develops. We should therefore, before the operation, determine the 
size of the piece to be exsected, by pinching up a fold of skin with the 
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finger and seeing how large this must be in order to effect its object 
without shortening too greatly the skin of the lids. 

In the lower lid the operation is performed in the same way, except 
that here, in order not to get ectropion, the piece of skin to be exsected 
must be made still narrower. 

3. Hotz’s Operation. When this operation is made upon the upper 
lid, an incision is first carried through the skin of the latter, passing 
along the upper border of the tarsus from one end of it to the other. 
Then the lips of the wound are separated, and the bundles of fibers of 
the orbicularis which are visible at its bottom are exsected. ‘The 
wound is next closed by stitching its lower lip to the upper border of 
the tarsus. For this purpose the needle is passed first through the 
upper lip of the cutaneous wound, then through the upper border of 
the tarsus, and lastly from within outward through the lower lip of the 
cutaneous wound (s, Fig. 172 C). As many of these sutures are ap- 
plied as necessary. ‘The idea underlying this operation is to raise the 
zone of hair-follicles, not by shortening the skin of the lids, as in 
Jaesche-Arlt’s method, but by attaching the skin to a fixed point— 
namely, the upper border of the tarsus. The exsection of the fibers 
of the orbicularis is done with the intention of diminishing the power 
of this muscle which tends to force the lid backward. ‘This operation 
dispenses with the step of detaching the zone of hair-fellicles by an 
incision in the intermarginal space; but it may, if necessary, be com- 
bined with such an incision. 

In the lower lid the method of operating is the same, but the cutane- 
ous incision, in accordance with the smaller height of the tarsus, runs 
closer to the free border of the lid. 

4. Straightening of the Tarsus by Snellen’s Method. This object is 
sought to be obtained by the excision of a prismatic piece from the tar- 
sus. The skin is incised about two millimetres above the border of the 
lid, and in a direction parallel to the latter along the entire length of 
the lid (7, Fig. 172 D). Then the lowermost bundles of fibers of the 
orbicularis which lie exposed in the wound are excised, so that the tar- 
sus is presented to view. A prismatic piece is now exsected from this 
latter along its entire length, by making sawing cuts with a knife which 
is applied obliquely. The next thing to do is to bring the two cut sur- 
faces of the tarsus (e, Fig. 172 D) into contact. This is accomplished 
by sutures applied under the form of loops by means of threads armed 
with needles at both ends. One needle is first passed through the up- 
per border of the tarsus (a), and is then carried down in front of the 
wound in the cartilage and between the tarsus and the skin as far as 
the free border of the lid, above which it is brought out again. A 
similar manceuyre is performed with the other needle. The loop then 
lies upon the upper end of the tarsus, while the two extremities of the 
thread come to view above the border of the lid. These ends are then 
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tied upon a bead (), and are afterward carried up to the forehead, 
where they are attached with plaster above the eyebrow. In this way 
the lid is kept drawn up, and coaptation of the cutaneous wound js 
rendered superfluous, as this’then closes of itself.* 


Ablation of the zone of hair-follicles is among the oldest of the methods for 
operating upon trichiasis. At the present time it has been almost entirely dis- 
placed by the methods for transplantation of the zone of hair-follicles. Stell- 
wag has attempted to bring it once more into currency, under an improved 
form which he calls inversion of the zone of hair-follicles. This consists in 
reattaching to the raw surface of the tarsus the ablated zone of hair-follicles 
upside down—i. e., in such a way that the border which bears the cilia looks 
upward, and that which has the raw surface looks downward. The reattach- 
ment of the strip of skin, which it is designed to effect, usually takes place, but 
the cilia fall out of themselves; a result, however, which is really desirable, as 
otherwise the upward-pointing, transplanted cilia would have a very repulsive 
appearance. This method therefore amounts to the same thing as the ablation 
of the zone of hair-follicles, but, as the wound is covered with skin, it pro- 
duces a smaller cicatrix in the free border of the lid. 

The most important step in the way of improving the operations for trichiasis 
was made by Arlt, who devised the plan of detaching the zone of hair-follicles 
from the tarsus. In this way one was enabled to do an extensive transplantation 
without having to fear a necrosis of the zone of hair-follicles, as in the original 
method of Jaesche, who released the zone of hair-follicles, along with the sub- 
jacent tarsus, from end to end, and separated both completely from the under. 
lying tissues. Even Arlt’s method, however, is not free from disadvantages. 
One of these consists in the difficulty of gauging accurately the size of the piece 
to be exsected; another, in the possibility of a relapse. As regards the first 
point, no fixed breadth can be assigned for the strip of skin to be removed, 
because this breadth varies according to the character (i. e., the elasticity or 
laxity) of the skin of the lids. If too little is exsected, the zone of hair-folli- 
cles is not drawn up sufficiently and the trichiasis returns; if too much skin has 
been removed, we get ectropion or lagophthalmus, which could only be got rid 
of by subsequent operations. For this reason methods have been devised which 
are intended to effect the elevation of the zone of hair-follicles without excising 
any skin. Hotz’s operation belongs in this category. A somewhat different 
method is that of Oettingen. He carries the incision in the intermarginal space 
to a point above the upper border of the tarsus, so that all the skin which covers 
the tarsus can be displaced upward. This portion of skin is then, by means of 
sutures, attached near its free border, which carries the cilia, to the upper border 
of the tarsus (Fig. 172 #). Below the free border of the lid, which has been 
thus elevated, there remains quite a large wound, formed by the anterior surface 
of the tarsus. Upon the same principle depend the methods of Kostomyris, 
De Wecker, and Warlomont. 

The relapses which are of frequent occurrence after Arlt’s operation, as well 
as after many other methods, have the following causes: 1. If the trachomatous 
process has not completely run its course, the shrinking of the conjunctiva and 


*The account here given of the method of operating, which differs from the 
ordinary descriptions of it, 1 owe to a communication conveyed by letter from Prof. 


Snellen himself. 
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of the tarsus continues to progress after the operation, and once more throws 
the cilia into a faulty position. 2. The shortening of the skin produced by 
the excision of a strip of it often fails to be permanent, because the skin, es- 
pecially in old persons, gradually stretches out again. 38. The wound in the 
intermarginal space, which remains uncovered, heals by granulation and the 
formation of cicatrices. By the gradual contraction of the cicatricial tissue the 
free border of the lid may be drawn down again and the position of the cilia be 
made worse. The first point has its basis in the nature of trachoma, and can 
not be charged to the account of the method of operating; but the second and 
third points constitute defects in the operation, which it has been sought to 
remedy. In order to make the contraction of the skin permanent, the latter 
has been attached to a fixed point—namely, the convex border of the tarsus 
(Hotz). The main cause of relapses—i. e., the depression of the zone of the 
hair-follicles due to the cicatrization of the wound—-it has been attempted to 
get rid of by covering the wound with skin. In Arlt’s method this object is 
attained, as has been described above, by transplanting the excised portion of 
skin upon the wound (Waldhauer). Van Millingen prefers to cover the wound 
with mucous membrane which he takes from the lips of the patient, or from the 
conjunctiva of a rabbit. Since flaps of skin or mucous membrane, when desti- 
tute of a pedicle, are exposed to the danger of mortification, and in any case 
shrink very greatly, others have chosen pediculate skin-flaps for covering the 
wound. In Spencer Watson’s method this flap is formed in the following way: 
An incision is made in the intermarginal space, and a second one is made paral- 
lel to the border of the lids and above the row of cilia, as is done for their abla- 
tion (Fig. 178, in the outer half of the upper 
lid). Then, instead of detaching the strip of 
skin, thus marked out, at both ends, as in the 
operation of ablation, it is separated at one ex- 
tremity only. The zone of hair-follicles is thus 
transformed into a long, slender flap which is 
free at one extremity, but at the other is con- 
Fic. 173.-femxers Warson’s OP nected with the skin of the lida (a, Fig. 178). 
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This is represented as being per- Then a second flap of skin similar in shape 1S 
ry ep eagebe aera pif ae the fashioned by making a second incision about 
entire length of the lid, but three millimetres above the first and parallel to 
only over one half of it. The 3 5 
outer half of the upper lid it, and thus marking out a narrow strip of skin, 
shows the flaps in their natural Mich ae lakewisenictia . ath a 
position; the inner half shows Which 1s likewise left in connection with the 
the position of the flaps after ee rf Sr “ rd 
bey ve Denial cponanee skin of the lid by one extremity only (Fig. 173, 
b). The base of this flap must lie at the outer end 
of the lid, provided the base of the lower flap, which bears the cilia, is situated 
at the inner end, and vice versa. Then the two flaps are interchanged, so that the 
one which carries the cilia gets to lie above, and the one that was above gets to 
lie below, along the free border of the lid (Fig. 178, a, and d;). The flaps are 
kept in their place by sutures. Other methods which likewise employ flaps 
with a pedicle are those of Gayet, Jacobson, and Dianoux. Spencer Watson’s 
operation has the disadvantage that, if performed along the whole length of the 
lid, the flaps have a very great length in proportion to their slender base, and 
are hence apt to die. Accordingly, I ordinarily employ this operation only in 
those cases in which the trichiasis is present simply at one or the other ex- 


tremity of the row of cilia, and in which, therefore, a short flap is sufficient. 
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Each of the methods named has certain advantages and disadvantages. The 
experienced operator will not employ any one of them exclusively, but will 
select the method to suit the case in hand, and when necessary will even com- 
bine two different methods. Thus Hotz’s method may be combined with the 
excision of a strip of skin, with the detachment of the zone of hair-follicles by 
an intermarginal incision, or, if the distortion of the tarsus is a very conspicu- 
ous feature, by the excision of a wedge from the latter. In cases in which the 
trichiasis is greatest in the center, Arlt’s method is very suitable, since in this 
method the exsected piece of skin is broadest in the center, and hence it is in 
this place that the greatest displacement is produced in the zone of hair-folli- 
cles. The methods of Hotz and Snellen also exert their greatest effect in the 
center of the lid. Again, for trichiasis at one end of the row of cilia implanta- 
tion of a skin-flap with a pedicle—e. g., by Spencer Watson’s method—is the 
most suitable procedure. 


LV. CANTHOPLASTY. 


169. Canthoplasty (Von Ammon) has for its object the dilatation 
of the palpebral fissure by the division of the external angle of the eye. 
The two lids are separated widely with the fingers, so that the external 
commissure is put upon the stretch, and the blunt-pointed blade of a 
straight pair of scissors is introduced behind it as far as possible; 
then, with one snip the skin lying between the blades of the scissors is 
divided in a horizontal direction ; then, upon drawing the lids apart, a 
rhomboidal wound is exposed to view. The two outer sides of this 
wound he in the skin, the two inner sides in the conjunctiva. The 
inner sides are next stitched to the outer by grasping the conjunctiva 
at the spot where the two borders of the wound come together, and at- 
taching this point to the external angle of the wound by a suture. 
Then an additional suture is passed through the upper and the lower 
portions of the wound respectively. 

If the wound in the external angle of the eye were not covered 
with the conjunctiva thus stitched to it, it would reunite within a short 
time. Hence, if all that we need is a temporary dilatation of the pal- 
pebral fissure, we satisfy ourselves with splitting the external commis- 
sure without applying any subsequent suture—provisional canthoplasty. 
A modification of this latter operation has been devised by Von Stell- 
wag. The incision with the scissors is not made in the prolongation of 
the palpebral fissure, but from the external angle of the lid obliquely 
outward and downward. Owing to the retraction of the divided fibers 
of the orbicularis the wound gapes and forms a triangular slit. This 
should not be lined with mucous membrane by means of sutures, but, 
on the contrary, should be allowed to reunite. If reunion does not 
take place, a notch is left in the border of the lid (artificial coloboma 
of the lid). This causes disfigurement and epiphora, and may also 
occasion ectropion, and would therefore have to be removed by means 
of a new operation (paring the edges and stitching them together). 
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Stellwag’s operation is called oblique blepharotomy or sphincter- 
otomy. 

The indications for canthoplasty are : 

1. Blepharophimosis and ankyloblepharon. In this case a perma- 
nent effect is derived from the operation, and this is therefore made 
with a conjunctival suture. 

2. Blepharospasm, especially if it gives rise to spastic entropion. 
Here provisional canthoplasty is sufficient. The success of the opera- 
tion in these cases is attributable not only to the lengthening of the 
palpebral fissure, but also and mainly to the division of the fibers of 
the orbicularis, in consequence of which the latter suffer a considerable 
impairment of strength. For this reason Stellwag’s oblique blepha- 
rotomy is still more effective in relieving blepharospasm, but entails the 
danger of a coloboma of the lid. If, as is so frequently the case, the 
spastic entropion is combined with blepharophimosis, the canthoplasty 
must be combined with a suture. 

3. Acute blennorrhea, when the lids are extremely swollen and ex- 
ert a considerable pressure upon the eye. In this case provisional can- 
thoplasty is sufficient. The same thing is true when the enlargement 
of the palpebral fissure serves as— 

4. A preliminary step to enable us to remove through the palpebral 
fissure an eyeball which is very much increased im size, or an orbital 
tumor. 

V. TARSORRHAPHY. 

170. Tarsorrhaphy consists in shortening the palpebral fissure by 
uniting the edges of the lids; it is accordingly the direct opposite of 
canthoplasty. The union of the edges of the palpebral fissure may be 
effected either at the outer or at the inner angle of the eye (tarsor- 
rhaphia lateralis and medialis). 

1. Lateral tarsorrhaphy. In Von Walther’s method this is per- 
formed by paring the upper and lower borders of the lids by ablation 
of the zone of hair-follicles over the space adjoining the external angle 
of the eye, and then stitching the borders of the lids to each other 
along the denuded area. As in this way it is only a very narrow raw 
surface—i. e., the raw edges of the ids—over which union is effected, 
the wound is apt to tear apart under any considerable amount of strain. 
Hence I perform the operation in a different way. First, the extent to 
which it is desired to join the lids together is marked out; then the 
lower lid is split into its two lamine by an intermarginal incision of a 
length equal to that thus indicated. From the inner extremity of the 
section a short incision is carried downward through the skin, thus 
converting the anterior lamina of the bisected portion of the lid into a 
flap (a, Fig. 174). The upper and inner borders of this flap are free, 
while the lower and outer borders are connected with the skin of the 
lid. Then the upper lid is rendered raw by first making the intermar- 
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ginal section in the same way as upon the lower lid and then ablating 
the zone of hair-follicles thus detached, as in Flarer’s operation. There 
is thus produced a raw surface (6, Fig. 174), to which it is intended 
that the skin-flap of the lowey lid shall 
adhere by its raw surface. In order 
that adhesion of the raw surfaces them- 
selves, and not simply of their edges, 
shall take place, the suture is applied 
as follows: Both ends of a thread armed 
with a needle at each end are carried 
through the upper lid near its free 
border, the needles being passed from 
behind forward. In this way the loop 
of the thread gets to lie upon the con- 
junctival side of the lid, while the free 
extremities come out upon the raw 
anterior surface. These extremities 
are then passed through the base of 
the skin-flap below and are tied upon 


its anterlor aspect over a glass bead. eh mee ree 
: ¢ A lateral tarsorrhaphy is represented at 
By this suture the base of the flap is the external angle of the eye; a 
Es 3 PMS 2 median tarsorrhaphy at the internal 
kept pressed against the raw surface of angle, On the lower lid is shown 
: the position of the loop of thread in 
the tarsus of the upper lid; then, as an Galleraccuute © 


additional precaution, the edges of the 

skin-flap are accurately united to the edge of the wound in the upper 
lid by means of a few fine sutures. The adhesion of the lids obtained 
by this method is firm enough to withstand even a powerful strain. 

2. Median tarsorrhaphy, as devised by Arlt, is performed by excis- 
ing with the forceps and scissors a narrow strip of skin from both the 
lower and the upper lid close to their inner angles. The long and 
slender wounds thus produced should meet in an acute angle at a point 
on the inside of the inner commissure (m, Fig. 174). They are then 
united to each other through their entire extent by means of inter- 
rupted sutures. If a firmer adhesion is desired, this operation, too, 
like external tarsorrhaphy, may be made with the formation of a small 
skin-flap. 

Tarsorrhaphy is indicated— 

1. In eetropion. In this the lower lid is raised by attaching it to 
the upper. Tarsorrhaphy is most effective in senile and paralytic ec- 
tropion, and also in slight cases of cicatricial ectropion. Tarsorrhaphy 
is very often performed, in conjunction with blepharoplasty, in order to 
insure the lids remaining in the proper position. 

2. In lagophthalmus, because the closure of the palpebral fissure is 
facilitated by shortening the latter. It is more particularly that form 
of lagophthalmus which develops in Basedow’s disease in consequence 
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of the exophthalmus that furnishes the occasion for the performance 
of tarsorrhaphy, inasmuch as we have no other means of relieving this 
condition. 

As a rule, lateral tarsorrhaphy is the operation which is done. 
Median tarsorrhaphy is scarcely ever employed except in paralytic ec- 
tropion, and is done then only because in this condition the lower lid 
generally droops more in its inner than in its outer half. 


When the lower lid has been in a condition of ectropion for a pretty long 
time, it is ordinarily found to have become elongated by the stretching it has 
undergone. In order to make the lid short again, a procedure by which it is 
at the same time put upon the stretch and pressed against the eyeball, the lower 
lid, in the performance of tarsorrhaphy, is pared to a greater extent than is the 
upper. When the elongation is particularly marked, the lid is shortened by ex- 
cising a triangular piece at its lateral extremity. The apex of the triangle is 
directed downward, and its base corresponds to the free border of the lid. The 
two sides of the triangular notch are united by means of sutures. 

The operation of uniting the lids by means of tarsorrhaphy is sometimes 
done under great tension—e. g., when the attempt is made to bring closer to- 
gether lids that have become shortened, or when the operation is done in a case 
of exophthalmus. In the latter event it is the enlarged eyeball that tends to 
push the lids apart. To diminish the tension, that portion of the palpebral 
fissure which is to remain open may also be closed by means of sutures, this 
being done without paring the edges of the lids, so that the union shall be only 
a provisional one. The sutures are left in until they cut their way through, or 
until the healing of the wound made by the tarsorrhaphy has become suffi- 
ciently firm. 


VI. OPERATIONS FOR ENTROPION. 


171. Spastic entropion develops only when the skin of the lids is 
abundant and relaxed (see page 489). If then the skin is put upon 
the stretch by pinching up a horizontal fold of it in the fingers, the 
entropion disappears. Upon this observation depend those methods of 
operating for entropion which produce contraction of the skin of the 
lid in a vertical direction. Other methods, on the contrary, attempt to 
cure the entropion by relieving the blepharospasm which causes it. 
The methods of operating which are most in use are : 

1. Gaillard’s Suture. This operation as modified by Arlt is per- 
formed as follows: One needle of a thread which is armed with needles 
at both ends is entered at the junction of the middle and inner thirds 
of the lower lid. The point of entry lies close to the border of the lid 
(c, Fig. 175 A), the point of exit at a distance below it upon the cheek 
equal to about the breadth of the thumb (d). The second needle is 
passed in a similar fashion and near the first, so that the loop-end of the 
thread lies upon the skin near the border of the lid (¢, Fig. 174), and 
the two threads run downward beneath the skin of the lids in a parallel 
direction. <A similar loop of thread is applied at the junction of the 
middle and outer thirds of the id. If the two ends of each thread are 
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tied over a small roll of adhesive plaster and drawn tight, a horizontal 
fold of skin is pinched up upon the lower lid (a, Fig. 175 B), and thus 
the entropion is made to disappear. The threads should be left in 
until the tracks formed by them begin to suppurate, so that after the 
removal of the threads cicatricial bands may be formed which shall 
produce the same effect that the threads did. In spite of this, the 
entropion is apt to set in again subsequently. This operation, accord- 
ingly, is only adapted to those cases in which we are dealing with an 
entropion of presumably short duration, as, for example, that form 
which develops beneath a bandage. 

2. Excision of a Horizontal Strip of Skin. A horizontal fold of 
skin is pinched up between two fingers, its size being so gauged that 
the entropion shall be relieved by it without, however, an ectropion or 
a lagophthalmus being produced; then this fold is snipped off with 
one stroke of the scissors, and the two edges of the wound are next 


B 


Fic. 175.—METHODS OF OPERATING UPON ENTROPION. MAGNIFIED 2x1. 


A, suture in Gaillard-Arlt’s method ; mode of applying the loop of thread. B, the same after 
the loop has been drawn tight. OC, suture in Snellen’s method. 


united by means of some sutures. If the operation is to be effectual, 
the upper edge of the wound must lie pretty close to the free border of 
the lid. The result of this operation is ordinarily permanent, although 
here, too, recurrences of the ectropion sometimes take place through 
subsequent stretching of the skin. Hence the much more complicated 
Hotz’s operation (see page 722), which fastens the skin of the lids to 
a fixed point, the attached border of the tarsus, is also employed in 
entropion. 

3. Canthoplasty, and also the oblique blepharotomy of Stellwag, 
since they relieve blepharospasm, may also be employed for the abro- 
gation of spastic entropion. In those cases in which blepharophimosis 
is present with the entropion, the former condition must be removed 
permanently by the canthoplasty. 

In cicatricial entropion, due to shrinking of the conjunctiva and the 
tarsus, those methods of operating are indicated which are employed 
for trichiasis, since cicatricial entropion may, as far as its origin is con- 
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cerned, be regarded as nothing but a trichiasis that has become far 
advanced. 


Instead of Gaillard’s suture we may also employ one of Snellen’s (not to be 
confounded with Snellen’s suture for ectropion). This was modified by Stell- 
wag in the following way: ‘‘One or two stout threads armed with curved 
needles at both ends are passed through the entire thickness of the lid, starting 
from the deepest portion of the fold of transition of the conjunctiva (a, Fig. 
175 C), so that they form at the fundus of the conjunctival sac one or two loops 
four to five millimetres in length and placed parallel to the free border of the 
lid. The separate needles are next carried back through their points of exit in 
the external covering of the lid (0), then are passed vertically between the latter 
and the fibro-cartilage to a point just at the external lip of the lid, there (¢) 
are brought out again, and the two ends of each thread are drawn as tight as 
necessary over a roll of adhesive plaster and tied.” 


VII. OPERATIONS FOR ECTROPION. 


172. In spastic ectropion, which does not yield to reposition and the 
application of a bandage, Snellen’s suture gives the best service. Like 
Gaillard’s suture in entropion, it consists of two loops of thread, one of 
which is situated at the junction of the external and middle thirds, 
the other at the junction of the middle and inner thirds, and which 
are passed downward (or in the upper lid upward) beneath the skin of 
the lid. The point of entry, however, is different. In Snellen’s suture 
this lies at the summit of the ectropionized conjunctiva—that is, under 
ordinary circumstances close to the posterior margin of the tarsus 
(a, Fig. 176 A). From this point the needle is passed down beneath 

the skin of the lid to a point about at the 

A B summit of the lower margin of the orbit, 

and there is brought out again (0). The 
second needle with the other end of the 
thread is carried down close to the first 
and parallel with it. The two extremities 
of the thread which thus come to view 
upon the cheek are tied over a roll of ad- 
hesive plaster or iodoform gauze and drawn 
tight until a slight degree of entropion 
(Fig. 176 B) is produced. The same thing 
is done with the second loop. The mode 
of action of the operation depends upon 
the fact that the protruding portion of 


Fie. 176.—SNELLEN’s SUTURE FOR 


MGRRORION; the conjunctiva, which is caught in the 
A, before tightening the loop. B A . 
after tightening the loop. loop, is drawn downward and forward in 


the direction of the skin. This suture 
can also be employed in senile ectropion, although in this case it usu- 
ally has no permanent effect. 
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Paralytic ectropion indicates the performance of tarsorrhaphy. 
The latter is also frequently performed in senile ectropion, although in 
the latter Kuhnt’s operation gives much better results. This is noth- 
ing but a modification of the old method of Antyllus. It depends 
upon the fact that the lid when ectropionized is elongated, and that, 
when it has been made stiffer by being shortened, it becomes applied to 
the eyeball. The shortening is accomplished by cutting out a triangu- 
lar piece, the base of which must lie at the border of the lid, since here 
the elongation is most considerable.. In order that a coloboma of the 
lid may not be produced, the excision should not affect the entire 
thickness of the lid, but only its inner layers—namely, the conjunctiva 
and tarsus. ‘The piece to be exsected is first marked out by two in- 
cisions, which begin at the free border of the lid and are carried back- 
ward in a convergent direction through the conjunctiva and tarsus 
until they intersect at the lower border of the tarsus. The segment 
inclosed between them is removed by entering the instrument from the 
intermarginal space and passing it in between the skin and the tarsus, 
thus detaching completely the wedge-shaped piece of tarsus that has 
been already circumscribed by the incisions; then the wound upon the 
inner side of the lid is closed by a suture which is passed along the 
base of the triangular notch—i. e., close to the free border of the id— 
through the conjunctiva and tarsus. 

With respect to cicatricial ectropion, the least serious cases are those 
in which not much skin has been lost and the contraction of the lid is 
caused simply by a few cicatricial bands, especially if these draw the 
lid in against the bone and attach it to the latter—a condition which 
so frequently remains after caries of the margin of the orbit. In such 
cases the cicatricial bands may either be divided subcutaneously or be 
cut out altogether, according to their situation, and the cutaneous 
wound be closed again by sutures. The effect of such an operation is 
made more thorough and also more lasting by a tarsorrhaphy per- 
formed at the same time. If, however, much of the skin of the lid has 
been lost, we will have no success with this simple operation, but must 
proceed to the performance of blepharoplasty, the object of which is to 
replace the skin that has been lost. In this operation the cicatricial 
portion of the lid is first divided by an incision parallel to the free bor- 
der of the lid, and then the more deeply situated cicatricial bands are 
also cut through until the lid is freely movable and can be brought 
into its normal position without any strain being put upon it. Those 
portions of the cicatricial skin which appear to have but little vitality 
are excised, in doing which, however, the free border of the lid, wher- 
ever it has been preserved, is spared as far as possible; then the lid is 
brought into the proper position and retained there by being united to 
the other lid. The union of the two lids should be made a permanent 
one for about the outer third of the palpebral fissure—i. e., should be 
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combined with paring of the borders of the lids as in the method of 
tarsorrhaphy—but the inner two thirds of the palpebral fissure are 
united simply by means of a temporary suture. After the lid has been 
thus put in place, the incision which was made for the purpose of re- 
leasing it gapes widely so as to form quite a large raw surface. As the 
ectropion would recur when this surface cicatrized, the latter must be 
covered with skin either by means of pediculate skin-flaps taken from 
the vicinity of the wound, or by means of pieces of skin which have no 
pedicle. 

For the formation of flaps with a pedicle a great number of meth- 
ods have been proposed, according to the size and shape of the loss of 
substance. The methods most employed are those of Fricke and Dief- 
fenbach. 

Fricke’s method is especially adapted for elongated losses of sub- 
stance, whether upon the upper or the lower lid. To cover these losses 
of substance a tongue-shaped flap (L, Fig. 177) is fashioned, the base 
of which adjoins one end of the loss 
of substance. The flap is most com- 
monly taken from the skin of the 
temple and the cheek, and in size 
and shape must be made to fit the 
loss of substance. In doing this it 
must be borne in mind that the flap 
shrinks not only immediately after 
it has been detached, but also sub- 
sequently. It must therefore be 
made about one third larger in all 
its dimensions than the loss of sub- 
stance. In order that its nourish- 
ment may be satisfactory, its base 
must be made broad enough, and, 


Fie. 177, BLEPHAROPLASTY. Rea ld 5 noted 
The method of Fricke is represented on the ‘Moreover, shouic not be twisted too 


upper lid; that of Dieffenbach on the 


pepe much in the act of transplanting 


the flap into the wound. For the 
same reason the skin should not be dissected off clean, but the sub- 
cutaneous fat, together with the vessels running in it, should be taken 
with the flap. The flap thus dissected off is placed upon the loss of 
substance, and is attached by sutures to its edges, which have previously 
been rendered movable by undermining. ‘The raw surface which re- 
mains at the spot where the flap has been dissected off can usually be 
diminished considerably in size by means of sutures; the remaining 
surface is allowed to heal by granulation. At the base of the flap there 
is formed by the torsion to which it has been subjected a swelling 
which is larger in proportion to the amount of twisting that the flap 
has undergone. ‘This swelling flattens out afterward so as to become 
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less perceptible; should it, however, cause disfigurement, it may be ex- 
cised later on. i 

Dieffenbach’s method becomes applicable whenever the loss of sub- 
stance either has the form of a triangle (the base of which looks toward 
the border of the lid), or can be readily brought into the triangular 
form (s, Fig. 177). It is better adapted to the lower than to the upper 
hid. The flap (/) is ordinarily taken from the temporal side of the loss 
of substance—i. e., from the cheek. An incision is made toward the 
temporal side along the prolongation of the base of the triangle. It 
should be somewhat longer than the latter, in consideration of the 
shrinking which the flap will undergo. From the outer extremity of 
this section (a) a second incision is made downward parallel to the outer 
side of the triangle. In this way a quadrangular flap is circumscribed, 
the base of which is situated below. This flap is now detached by 
dissection, and is turned slightly toward the nasal side so as finally to 
lie upon the loss of substance, to which it is then attached by sutures. 
The loss of substance which remains at the spot from which the flap 
was taken is made as small as possible by means of sutures, and the 
remainder of it is allowed to heal by granulation. 

The raw surface which is presented to view after the ectropionized 
lid has been put into place may also be covered by portions of skin 
destitute of pedicles—an operation which is called skin-grafting. This 
was first introduced into surgery as a well-established procedure by 
Reverdin, although isolated experiments had been made with it before. 
Two different methods are distinguished, according to the thickness of 
the piece of skin that is grafted. In one method very thin pieces are 
taken which contain only the most superficial layers of the skin— 
namely, the epidermis, the rete Malpighii, and the apices of the papille 
(epidermic graft). In the other method portions of skin are used 
which inelude the entire thickness of the cutis, and which are trans- 
ferred to the loss of substance either cut up into small pieces, or under 
the form of flaps of some size (dermic graft). In dissecting off the 
skin that is to be transplanted, all subcutaneous fat must be carefully 
removed from it; and, furthermore, it should be taken from those parts 
of the body which have a thin skin, such as the lids have. For this 
purpose the inner side of the upper arm is commonly selected. The 
skin may also be taken from other persons or from amputated limbs 
with sound skin. With these pieces of skin, which are trimmed to fit 
the freshly made raw surface, the latter is carefully covered over in 
such a way that they are everywhere in intimate contact with the sub- 
jacent parts, against which they are then kept applied by means of a 
light pressure-bandage. 

The method of grafting has the advantage over the formation of 
skin-flaps with a pedicle, that the face is not disfigured by any addi- 
tional cicatrices. On the other, hand it affords less certainty of success, 
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since the pieces of skin often become gangrenous. But even when they 
do become attached they afterward shrink very much, so that the suc- 
cess of the operation is diminished, or is even entirely nullified. The 
operation of grafting, therefore, is especially adapted to those cases in 
which we are dealing with only small losses of substance and the oper- 
ation is performed mainly for cosmetic purposes. It is further indi- 
cated in these cases in which the skin surrounding the lids can not be 
employed for making flaps with pedicles, owing, for example, to its 
cicatricial character. In the other cases, in which large losses of sub- 
stance are to be covered, and especially where the object is to relieve a 
lagophthalmus, the method of pediculate flaps is to be preferred, be- 
cause, although causing more disturbance of the parts, it nevertheless 
gives more certainty of success. 


VIII. OPERATIONS FOR PTOSIS. 


173. An operation is indicated both in congenital ptosis and in vld 
cases of acquired ptosis which can not be cured in any other way. A 
whole series of methods of operating for ptosis has been proposed, a 
circumstance which proves that no one of them gives perfectly satis- 
factory results. This can be readily understood, since, in fact, the 
physiological action of a muscle can not be perfectly replaced by any 
surgical operation whatever. In the following paragraphs only some 
of the most approved methods, which may be regarded as constituting 
type-forms, will be described : 

1. Von Graefe’s method proposes to effect the excision of the fibers 
of the orbicularis. An incision is made in the skin five millimetres 
above the border of the lid and parallel to it from one extremity of the 
lid to the other; then the lips of the wound are separated, and the fibers 
of the orbicularis which are visible at the bottom of it are quite exten- 
sively exsected. If there is much skin present, a strip of this also is 
excised; then the wound is closed again, and in such a way that the 
sutures include not only the lips of the cutaneous wound, but those of 
the wound in the muscle as well, being passed through the bundles of 
muscular fibers that have been left above and below the wound. The 
effect of the operation is supposed to be twofold: namely, in the first 
place, a weakening of the orbicularis, which is the antagonist of the 
levator ; and, in the second place, subcutaneous contraction of the lid 
due to the excision of a strip of the muscle. On the whole, the effect of 
the operation is usually slight, for which reason it is adapted for only 
very light cases of ptosis. 

The more recent methods start from the fact that persons with 
ptosis are able to lift the lid a little by wrinkling the forehead, for by 
this means the eyebrow is elevated, and thus indirectly the lid is ele- 
vated too. It was thought that the elevation of the lid might be ren- 
dered greater if the lid was connected directly with the fibers of the 
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frontalis muscle, a connection which is intended to be secured by the 
two following methods : 

2. Pagenstecher’s suture. One needle of a thread armed with nec- 
dles at both ends is entered above the arch of the eyebrows and is car- 
ried down below it and beneath the skin of the lid to the free border of 
the lid, above which it is brought out again. The second needle is 
passed alongside the first. There is thus a loop of thread lying within 
the lid, the middle of the loop being situated above the eyebrow and 
its two ends emerging above the border of the lid. These latter are 
tied over a roll of adhesive plaster and drawn tight. The threads are 
not removed until suppuration makes its appearance in the tracks 
made by the sutures. It is thought that in this way cicatricial bands 
are formed beneath the skin, which extend from the lid to the surface 
of the frontalis muscle and connect these two structures together (give 
the muscle what may be called a tendon for the upper lid). 

3. The operation of Panas tries to secure the connection between 
the lid and the frontalis muscle by the formation of a pedicle from the 
skin of the former, which pedicle is attached to the skin of the fore- 
head and to the surface of the muscle. The appended figure (Fig. 178) 
shows how the pedicle is cut out of the skin of the lid. The pedicle 
s, which is defined by incisions 
made about it, is dissected from b d 
its bed until it is freely movable ; 
then a horizontal incision a@ is \ { 
made through the skin directly 
above the eyebrow. Starting both 
from this incision and from the 
wound already made below, the 
skin of the eyebrow is undermined 
to such an extent that a bridge of 
tissue is formed, beneath which 
the pedicle s is slipped so that its 
upper margin is in contact with 
the upper lip of the incision, a. 
Its attachment to the latter is ef- —- Fi. 178.—Panas’s OpsRaTION FoR Prosis. 
fected by means of a loop of thread, . 
the center of which lies on the cutaneous side of the pedicle, while its 
extremities 0 6 are passed through the upper lip of the wound. By 
drawing the loop tight the pedicle is lifted up and is attached to the 
upper border of the wound. If necessary, a second loop may be ap- 
plied, and also some interrupted sutures, to secure exact adaptation of 


the edges. 


Panas’s operation has given me the best results of any. Its description as 
here given varies in some unimportant details from that which Panas himself 
gives. It may happen that upon drawing up the pedicle ectropion 1s produced. 
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In this case an additional loop of thread must be applied on either side, which 
passes above through the upper margin of the wound, as the other loops do, but 
below does not take in the skin of the flap but only the deeper parts (fascia 
tarso-orbitalis). When these additional loops are drawn up, ectropion will not 
occur. In this operation there is no skin lost. Hence, if it should be apparent 
that the lid-has been shortened too much, all that we need to do is to draw the 
pedicle less high up—i. e., attach it farther down. 

For those cases in which the action of the levator muscle is simply weak- 
ened and not entirely destroyed, Eversbusch has proposed a method of operat- 
ing which consists in an advancement of the tendon of the levator so as to put 
this muscle under more favorable conditions for working. A cutaneous incision 
is made about midway between the border of the lid and the eyebrow, and pass- 
ing in a horizontal direction from one end of the lid to the other. Starting 
from this incision, the skin and the fibers of the orbicularis are loosened from 
their attachments, so that they can be pushed to one side, and the upper border 
of the tarsus together with the levator can be exposed to view. A ioop of 
thread is then passed through the tendon, the two ends of the loop being car- 
ried down between the tarsus and the skin of the lids and brought out in the 
intermarginal space. If these ends are tied there and drawn taut, the tendon 
of the levator is drawn down by means of the loop which has been passed 
through it. Three such loops should be applied—one in the middle and one 
on either side. 
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Fic. 179.—INSTRUMENTS FOR OPENING THE EYE AND KEEPING IT IN PLACE. 


a, b, c, d, e¢, various forms of spring specula for holding the eye open in opera- 
tions (page 666). 

f, Desmarre’s elevator or lid retractor, for holding the lids apart in examina- 
tions of the eye and in operations. (See pages 2, 666.) 

g, fixation forceps, for holding the eyeball steady in operations (page 667). 

h, Sédillot’s double hook for fixing the eyeball, especially in strabismus operations. 
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Fia. 180.—INSTRUMENTS FOR OPERATIONS UPON THE Lips. 


a, Jiiger’s horn-plate lid-holder; 6, Knapp’s blepharostat (entropion-forceps, lid- 
clamp); ¢, Desmarre’s entropion-forceps. a, 0, ¢ are inserted beneath the lid, thus 
affording a resisting surface upon which to cut in all operations upon the lds 
(operations for entropion, ectropion, trichiasis, ptosis, chalazion, etc.) (See pages 
484, 719, 720, 728, 730, 734.) 6 and c, which have a ring that can be screwed down 
upon the lid, also act as clamps, holding the lid firmly in place and preventing hem- 
orrhage during the operation. d, epilating forceps (cilium-forceps). (See pages 480, 
487.) Other instruments used in lid-operations are ordinary scalpels, bistouries, 
and dressing-forceps. 
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Fria. 181.—INsSTRUMENTS FOR STRABISMUS AND ENUCLEATION. 


a, 6, c, squint-hooks for picking up the tendon and putting it upon the stretch. 
6 is Stevens’s slender tenotomy-hook, used especially in performing partial tenoto- 
mies. d, strabismus-forceps, which may be used for the same purpose, and is also 
employed for taking up the conjunctiva before the incision is made in the latter. 
e, Stevens’s tenotomy-scissors, with cutting edges near the end for doing partial 
tenotomies. For the ordinary strabismus operation, and also for enucleation, any 
curved, blunt-pointed scissors may be used. Other instruments used are a spring 
speculum or Desmarre’s retractor, for holding the lids open, and a fixation forceps 
or Sédillot’s hooks. (See Fig. 179.) A needle-holder and curved needles are also 
required for stitching the conjunctiva, and, in the case of advancement, for sutur- 
ing the tendon. (See pages 710, 712, 714, 717.) 
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Fie. 182.—InstRUMENTS FOR LACHRYMAL STRICTURE. 


a, Bowman’s sounds (page 514). b, Bowman’s director. 

c, Anel’s probe. d, Theobald’s probe. 

e, Weber’s thick sound for graduated dilatation (page 521). 

f, Weber’s curved canaliculus-knife for slitting the canaliculus (page 514). 
g, Stilling’s knife, for division of lachrymal strictures (page 521). 

h, Anel’s syringe (page 514), 
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Fie. 183.—INSTRUMENTS FOR REMOVING ForREIGN BoDIEs. 


a, foreign-body needle and spud (page 186). 
6, Knapp’s foreign-body hook. 
c, Bradford’s electro-magnet. (See pages 221, 227.) 


Fic. 184.—TatroorinG-NEEDLES FOR CORNEAL OPACITIES. 


a, single, grooved tattooing-needle; 6, bundle of tattooing-needles (page 194). 
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Fie. 185.—INSTRUMENTS FoR [RIDECTOMY AND IRIDOTOMY. 


a, straight lance-knife. 6, angular lance-knife. Used in iridectomy (page 680), 
paracentesis (page 678), simple linear extraction of extract (page 692). ¢, d, e, iris- 
forceps for passing into the wound made by the lance-knife and grasping the iris. 
(See page 680.) jf, curved scissors for excising the iris. (See page 680.) g, De 
Wecker’s iridotomy-scissors (pince-ciseaux). (See page 687). Other instruments 
required are a spring speculum or Desmarre’s retractor, to keep the lids apart, 
and a fixation-forceps to hold the eyeball. (See Fig. 179.) 
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Fic. 186.—INsTRUMENTS FOR PARACENTESIS AND DISCISSION. 


a, broad needle for paracentesis. b, Bowman’s stop-needle. 
c, Beer’s cataract-needle. d, couching-needle. (See page 700). 
e, Knapp’s knife-needle, for discission of membranous cataract. (See page 690). 
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Fic. 187.—INSTRUMENTS FOR CATARACT-HXTRACTION. 


a, Graefe’s cataract-knife (linear knife). (See pages 678, 679, 687, 693, 702.) 

b, Graefe’s cystitome. (See page 703.) 

c, eystitome and Daviel’s scoop. (See pages 484, 678, 684, 694.) 

d, Knapp’s cystitome, used in cataract-extraction without iridectomy. 

e, Weber’s double hook for incising the capsule. (See page 704.) 

f. Tyrrel’s sharp hook for tearing the capsule. (See page 704.) 

g, spatula to reduce the iris and stroke it out smooth. 

h, Graefe’s tractor for pulling out the lens. (See page 697.) 

2, Weber’s concave knife, used with the double hook (e) in one method of cat- 
aract-extraction. (See page 704.) 

j, Beer’s operation for cataract by inferior flap with a Beer’s knife. (See page 
701.) Beer’s knife is also used for the ablation of staphylomata of the cornea 
(page 202). 

k, Teale’s suction apparatus for performing suction of soft cataract (page 691.) 

If the cataract is done with iridectomy, an iridectomy forceps and scissors (see 
Fig. 185) will be required in addition. 

For the instruments used in discission and couching, see Fig. 186. 
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Fia. 188.—OpHTHALMOSCOPES. 


a, b, and c show the back view of three varieties of the ordinary form of ophthal- 
moscope. This latter consists essentially of two parts, an anterior and upper part, 
the mirror, and posterior to this a revolving disk bearing the lenses. The mirror 
may be circular and fixed, as in the examples here presented (see d, which shows 
the mirror of ¢), or quadrangular and slightly movable about a vertical axis (tilting 
mirror). In either case it contains a central aperture through which the observer 
looks from behind the mirror, and before which each of the lenses in the rotating 
disk passes as the latter revolves. The disk is revolved by the pressure of the finger 
on its milled edge. It consists either of a single piece bearing convex and concave 
glasses (distinguished by the signs + and —), as in 0; or of two superimposed disks, 
as inc; or of a disk with a superimposed quadrant (a). In the compound instru- 
ments (a and c) any glass in the superimposed disk or quadrant may be brought 
before the central aperture simultaneously with any glass in the anterior disk, and 
consequently a great variety of combinations can-be made. The disks are usually 
covered, as shown in 0 and c, by a removable metal cap having a perforation cor- 
responding to the aperture in the mirror. 
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Fie. 189.—Tue JAvAL-ScuiéTz OPHTHALMOMETER. 


This represents the latest model of the Javal-Schidtz ophthalmometer, by the 
aid of which the corneal astigmatism is measured directly. (See page 657.) 
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Fic. 190.—A PERIMETER. 


The perimeter consists essentially of a graduated are along which the test-object 
is carried. (See page 22.) This arc is capable of rotation through all meridians, 
the meridian which it occupies and the position of the test-object on the are being 
marked upon the diagram, which, as ‘shown on the left side of the cut, is attached 
to the instrument. The patient sits with his chin in the chin-rest sliding in the 
upright, shown on the right-hand side of the cut. 
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Abducens, course of, 538; nucleus, 538; 
paralysis of, 552,558; paralysis of, con- 
genital, 562. 

Abduction, 540; how effected, 528 ; meas- 
urement of, 535. 

Ablatio retine, 413. 

Ablation of staphyloma, 202; of zone of 
hair-follicles, 719. 

Ablepharia, 507. 

Abrasio corner, 193. 

Abscess of cornea, see CorNEA, ABSCESS 
oF ; of lids, 470, 504; retrobulbar, 583. 

Absolute far-point, 620; hypermetropia, 
645; near-point, 620; scotoma, 26; vis- 
ual acuity, 610. 

Accessory lachrymal gland, 508. 

Accidents after tenotomy, 713; in cata- 
ract-extraction, 696; in discission of 
soft cataract, 689; in iridectomy, 686; 
to eye, frequency of, 227. 

Accommodation, 610; abrogated by cata- 
ract-extraction, 699; amount of, not 
proportionate to the extent of the re- 
gion of accommodation, 618; ampli- 
tude of, 615, 616, 618; anomalies of, 
660; availability of, measured by the 
region of accommodation, 619 ; changes 
of, in age, 622; concealment of hyper- 
metropia by, 642; contraction of pupil 
associated with, 257; disturbance of 
its relations with convergence causing 
insufficiency, 543; little employed by 
myopes, 630; measurement of, 616, 
$19; mechanism of, 613; paralysis of, 
660; range of, 615, 616, 618; reduced 
in glaucoma and sympathetic ophthal- 
mia, 663; region of, 615, 616, 619; 
relation of, to convergence, 548, 620; 
relative, 619; spasm of, 663; spasm of, 
macropsia in, 662; spasm of, simulat- 


ing and producing myopia, 633; tested 
with reference to central vision, 20; 
weakness of, after severe diseases, 
663. 

Accommodation theory of the produc- 
tion of myopia, 688. 

Acetate of lead in conjunctivitis, 43; in 
follicular conjunctivitis, 47. 

Acetic acid in vernal catarrh, 97. 

Acne, blepharitis ulcerosa regarded as, 
480. 

Acne rosacea, analogy of chalazion to, 
484, 485; conjunctivitis of, 97. 

Acquired astigmatism, 653. 

Action of ocular muscles, 525; how vary- 
ing with position of the eye, 534. 

Acuity, visual, 606; absolute, 610; rela- 
tive, 610. 

Adaptation of the retina, 28. 

Adduction, 540; how effected, 528; how 
measured, 5385; how reduced by tenot- 
omy of the internus, 710. 

Adenoma of chorioid, 327; of glands of 
the lids, 506; of lachrymal gland, 518. 

Adhesions between iris and cornea, see 
SyNECHIA, ANTERIOR; between iris 
and lens, see SYNECHIA, PoSTERIOR; 
between lids and eyeball, see Sym- 
BLEPHARON. 

Adnexa bulbi, operations upon, 705. 

Advancement, 707; capsular, 712; of 
levator palpebre superioris, 7386; of 
Tenon’s capsule, 712. 

After-cataract, 699. 

After-treatment of eye operations, 670. 

Age, changes of accommodation in, 622 ; 
changes of myopia in, 636; changes of 
refraction in, 624. 

Air, change of, in conjunctivitis lym- 
phatica, 90; in anterior chamber, 676; 
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vitiated, effect of, in producing con- 
junctival catarrh, 45. 

Albinism, 330, 

Albinos, luminosity of pupils in, 10. 

Albuminurice amaurosis, 409; cedema of 
lids, 115, 474; optic neuritis, 436; reti- 
nitis, 404, 409. 

Alcoholism producing hemeralopia, 449 ; 
producing nuclear paralysis of ocular 
muscles, 561; producing retrobulbar 
neuritis, 441. 

Alternating strabismus, 564, 569. 

Aluminated copper, 46. 

Amaurosis, 445; albuminuric, 409 ; how 
causing mydriasis, 307; of central ori- 
gin, 449; partialis fugax, 449; pro- 
duced by quinine, 408; uremic, 409. 

Amaurotic cat’s-eye, 322, 416; luminosity 
of pupil in, 10. 

Amblyopia, 445; alcoholic, 441; con- 
genital, 446; ex anopsia (from disuse), 
446, 571; how producing nystagmus, 
574; hysterical, 450; nicotinica, 440; 
of central origin, 449; tobacco-, 440. 

Ametropia, 625. 

Ammon’s scleral protuberance, 228, 280, 
231. 

Amotio retine, 413. 

Amplitude of accommodation, 615, 616, 
618. 

Amyloid degeneration of conjunctiva, 
99. 

Anemia causing arterial pulsation in 
retina, 15; from loss of blood produc- 
ing optic neuritis, 486; of retina, 408; 
pernicious, producing retinal hemor- 
rhages, 406. 

Anesthesia in operations, 666; produced 
by cocaine, 260, 666. 

Anatomy of the chorioid, 245; of the 
ciliary body, 241, 242; of the conjunc- 
tiva, 31; of the cornea, 122; of the 
iris, 234; of the lachrymal organs, 
508; of the lens, 861; of the lids, 459; 
of the ocular muscles, 524; of the 
optic nerve, 420; of the orbit, 577; of 
the retina, 400; of the sclera, 211; of 
the uvea, 234; of the vitreous, 395. 

Anel’s probe, 740; syringe, 514, 740. 

Aneurisms of the orbit, 592. 

Angioma of the conjunctiva, 119; of the 
lids, 505; of the orbit, 592. 

Angioma lipomatodes of the orbit, 595. 
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Angle a, 570; of the anterior chamber, 
244; of the sphincter, 668 ; visual, 607 ; 
visual, minimum, 607, 609. 

Angulus visorius, 607. 

Aniridia, 310; traumatica, 300. 

Anisocoria, 261, 307. 

Anisometropia, 625, 658. 

Ankyloblepharon, 493; canthoplasty in, 
726. 

Annular abscess of the cornea, 51; pos- 
terior synechia, 270, 280, 297, 298; sco- 
toma, 25; staphyloma, 316. 

Anomalies of accommodation, 660; of 
cornea, iris, etc., see CONGENITAL 
ANOMALIES; of refraction and accom- 
modation, 597. 

Anophthalmus, 328, 330. 

Antagonistic ocular muscles, 526, 527, 
709. 

Antagonists associated, 709. 

Anterior chamber, 248, 244; air in, 676; 
examination of, 3; hemorrhage into, 
669, 676; irrigation of, in cataract 
operations, 704; luxation of lens into, 
390, 393 ; shallower in the acecommoda- 
tive act, 615; shallower in glaucoma, 
337-340; shallowness of, rendering iri- 
dectomy difficult, 686; sinus of, 244. 

Anterior chorioiditis, 316; conjunctival 
vessels, 34; cortical cataract, 372, 374; 
detachment of vitreous, 396; polar 
cataract, 368, 372; scleral staphyloma, 
228, 230; sclerotomy, 679; synechia, 
142. 

Anthrax pustule of lid, 470. 

Antisepsis in eye-operations, 665; ne- 
cessity of, 672. 

Antiseptics in blennorrhcea acuta, 53; in 
blennorrhcea neonatorum, 58; in con- 
junctivitis crouposa, 48 ; in diphtheria 
of the conjunctiva, 82; in operations 
upon the eye, 665; in wounds of the 
cornea, 188. 

Antrum of Highmore, dilatation of, 595. 

Antyllus-Kuhnt’s operation for ectro- 
pion, 731. 

Aortic insufficiency producing pulsation 
in retinal vessels, 15. 

Aphakia after cataract-operations, 697, 
698. 

Apparent image, 532 ; myopia in excessive 
hypermetropia, 648; myopia in spasm 
of the accommodation, 638. 
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Appearance of eye with the ophthalmo- 
scope, 15. 

Applanatio corner, 148, 190. 

Application of the ophthalmoscope, 7. 

Aquacapsulitis, 278. 

Aqueous humor, 252; character of, in 
glaucoma, 351. 

Arachnoid sheath of optic nerve, 424. 

Arch, inferior tarsal, 32; superior tarsal, 
32. 

Arcus senilis (cornee), 122, 190, 195; se- 
nilis lentis, 879; tarseus inferior, 32; 
tarseus superior, 32. 

Area, optical, 426. 

Argyll-Robertson phenomenon, 261, 308, 
442, 

Argyria, 42. 

Argyrosis, 42. 

Arlt’s method of median tarsorrhaphy, 
727; method of performing enuclea- 
tion, 714; method of performing te- 
notomy, 707; modification of Gaillard’s 
suture for entropion, 728; ointment, 
94; operation for trichiasis, 720, 723 ; 
test-types, 609. 

Arrangement of vessels of optic nerve. 
14. 

Arsenic in conjunctivitis lymphatica, 
91. 

Arteria centralis corporis vitrei, 267. 

Arteria hyaloidea, 267. 

Arterial pulse in vessels of optic nerve, 
15. 

Arteries, ciliary, 248; retinal, how dis- 
tinguished from veins, 8. 

Arterio-venous aneurism causing exoph- 
thalmus, 594. 

Artery, central, 425; central, laceration 
and compression of, 408; central, of 
the vitreous, 267; hyaloid, 267, 395, 
397. 

Artificial coloboma of lid after cantho- 
plasty, 725; eye, 715, 717; leech, 295; 
pupil, situation of, in cataract-extrac- 
tion, 684; pupil, situation of, in iridec- 
tomy for increase of tension, 683; pu- 
pil, situation of, in iridectomy for opti- 
cal purposes, 682; pupil, vision with, 
685; vitreous, 718. 

Asepsis in eye-operations, 665; impor- 
tance of, 672. 

Aspergillus glaucus causing abscess and 
alcer of cornea, 158, 
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Aspiration-theory of Weber and Hasner, 
511. 

Assimilation of visual substances in ret- 
ina, 455. 

Associated antagonist, tenotomy of, 709; 
movements, 588; reaction of the pupil, 
257. 

Association centers, 528, 586; of ocular 
movements, 528. 

Asthenic ulcer of cornea, 139. 

Asthenopia, accommodative, 646; hys- 
terical, 451: in astigmatism, 655; 
muscular, 544; nervous, 451. 

Astigmatism, 650; acquired, 653; against 
the rule, 652; asthenopia in, 655; 
cause of, 653, 654; compound hyperme- 
tropic, 6538, 655; compound myopic, 
653, 655; congenital, 653; corneal, 
653, 654, 657; determination of, 653, 
655; determination of, by direct 
method, 18, 657; hypermetropic, 653, 
655; irregular, 654; lenticular, 654; 
mixed, 6093, 655; myopic, 653, 655; 
objective determination of, 18, 657; 
physiological, 652, 654; produced by 
dislocation of the lens, 391, 394, 654 ; 
regular, 650; simple hypermetropic, 
653, 655; simple myopic, 653, 655; 
treatment of, 654, 656; vision in, 651, 
655. 

Astringents in conjunctivitis catarrha- 
lis chronica, 46. 

Atheroma of lids, 505. 

Atheromatous ulcers of the cornea, 158, 

Atonia sacci lacrimalis, 513, 

Atrophia bulbi, 323. 

Atrophic crescent, 316; excavation, 385, 

Atrophy of eyeball, 281, 284, 823; enu- 
cleation for, 716. 

Atrophy of optic nerve, 442; descending, 
439, 442; genuine, 442; inflammatory, 
443; neuritic, 448; non-inflammatory, 
442; primary, 442; retinitic, 443; 
scotoma in, 25; simple, 442; simple, 
anatomy of, 445, 

Atrophy of retina, 410, 

Atropine applied in substance, 258, 294; 
diminution of mydriatic effect pro- 
duced by irritation of iris and inflam- 
mation of the cornea, 180; employed 
in anterior synechie, 153, 297; em- 
ployed in convergent strabismus due 
to hypermetropia, 567; employed in 
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diagnosticating posterior synechie, 
269, 270; employed in diagnosticat- 
ing seclusio pupille, 276; employed 
in iridodialysis, 801; employed in 
iritis, 294; employed in keratitis pro- 
funda, 182; employed in parenchyma- 
tous keratitis, 177; employed in spasm 
of the accommodation, 664; employed 
in superficial scleritis, 213; employed 
in ulcers of the cornea, 147; employed 
in wounds of the cornea, 188; em- 
ployed to rupture synechie, 297; im- 
proper use of, 298; intolerance of, 
263; mode of action, 258; not always 
well borne in cyclitis, 294; poisoning 
by instillation of, 258, 263; prejudi- 
cial in glaucoma, 264, 357; producing 
slight reduction of refraction in nor- 
mal eye, 663. 
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Bandage, protective, 147, 676. 

Band-shaped opacity of the cornea, 191. 

Basal paralyses of the ocular muscles, 
553, 561. 

Basedow’s disease, 589 ; causing arterial 
pulsation in the retina, 15; tarsorrha- 
phy for, 727. 

Baths, warm, in paralysis of the accom- 
modation, 661. 

Beer’s cataract-knife, 202, 701, 744 , meth- 
od of cataract-extraction, 701, 744; 
method of performing iridectomy, 680. 

Bifocal lenses, 604. 

Binocular diplopia (or double vision), 
530, 539; single vision, 528, 539. 

Blackboard for testing field of vision, 22. 

Black cataract, 878, 445. 

Black-white visual substance, 455. 

Blennorrhcea acuta adultorum, 49; can- 


Atropine-catarrh, 263. 
Atropine-conjunctivitis, 79, 263. 

Axes of rotation of the eye, 525. 

Axial hypermetropia, 644; myopia, 629. 
Axis of cylinders, 601; how indicated in 


thoplasty in, 726; complications, 51, 
55, 151; course, 50: etiology, 52, 55; 
prognosis, 52; relation of, to trachoma, 
77; stages, 50; symptoms, 49; treat- 
ment, 52, 56, 726; ulcers of cornea in, 


prescriptions, 656. 
Axis of eye, frontal, 526; sagittal, 526 ; 
vertical, 525. 


Bacillus diphtheria, 84; of conjunctivi- 
tis catarrhalis acuta, 41; of xerosis, 
1138. 

Bandage applied to sound eye to produce 
fixation in squinting eye, 568; avoided 
in conjunctival disease with profuse 
secretion, 43; avoided in conjunctivi- 
tis lymphatice, 90; avoided in tracho- 
ma, 69; effect of, in producing con- 
junctivitis, 45; employment of, in 
Basedow’s disease, 590; employment 
of, in corneal ulceration, 147; employ- 
ment of, in lagophthalmus, 496; em- 
ployment of, in operations, 666, 676; 
employment of, in paralysis of the or- 
bicularis, 499 ; employment of, in sym- 
pathetic ophthalmia, 297, 

Bandage, pressure-, 147; employed after 
enucleation, 714; employed after iri- 
dectomy or cataract - operation when 
there is increase of tension, 676; em- 
ployed in detachment of retina, 414; 
employed in exophthalmus due to ex- 
travasation or emphysema, 587; em- 
ployed in prolapse of iris, 149. 


151; varieties, 50. 

Blennorrhceea adultorum, 49; chronic, 50; 
inoculation of, for cure of pannus, 56; 
neonatorum, 56; of the lachrymal sac, 
511, 519; subacute, 50. 

Blepharitis ciliaris, 476; following con- 
junctivitis lymphatica, 88; in conjunc- 
tivitis catarrhalis chronica, 44; squa- 
mosa, 476; ulcerosa, 476. 

Blepharo-adenitis, 476, 

Blepharophimosis, 493 ; canthoplasty in, 
726 ; following conjunctivitis lymphat- 
ica, 88; in conjunctivitis catarrhalis 
chronieca, 45. 

Blepharoplasty, 731. 

Blepharospasm, 497; canthoplasty in, 
726; essential, 498, 500: hysterical, 
498, 500; in conjunctivitis lymphat- 
ica, 88, 94; in conjunctivitis lymphat- 
ica, cases of blindness after, 93; in 
conjunctivitis lymphatica, results of, 
93 ; in conjunctivitis lymphatica, treat- 
ment of, 94; interfering with the ex- 
amination of the eye, 1; senile, 498, 
500 ; symptomatic, 497. 

Blepharospasmus hystericus, 498, 500; 
senilis, 498, 500. 

Blepharostat, 666, 737; Knapp’s, 719, 738. 

Blepharotomy, oblique, 726, 729. 
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Blindness, after blepharospasm, 93 ; blue- 
yellow, 456; color, 452; day-, see Nyo- 
TALOPIA; green, 452, 453; how causing 
mydriasis, 807; night-, see HemERALO- 
pra; red, 452; red-green, 456; snow-, 
102; violet, 452. 

Blind-spot, Mariotte’s, 25. 

Bloodletting in diseases of the eye, 318; 
in iritis, 295; in optic neuritis, 437; 
in retinitis, 405 ; in superficial scleri- 
tis, 2138. 

Blood-vessels, ciliary system of, 248 ; con- 
junctival systein of, 34; new formation 
of, in cornea, 132; of chorioid, 245, 
248; of conjunctiva, 34; of embry- 
onic eye, 267; of eye, three systems of, 
248 ; of iris, 235, 248; of lids, 32, 466; 
of optic nerve, 14, 425; of orbit, 578; 
of retina, 402; of sclera, 212; of uvea, 
248. 

Blue-stone, Blue-stick. 
PHATE. 

Blue-yellow blindness, 456. 

Blue-yellow visual substance, 455. 

Bohm’s method of performing tenotomy, 
710. 

Bonnet’s capsule, 578, 714; discovery of 
the principle of performing enuclea- 
tion, 714. 

Bowman’s membrane, 123; method of 
performing discission, 692 ; sounds, 514, 
740; stop-needle, 743. 

Brain-disease as a cause of optic neu- 
ritis, 435. 

Brawny trachoma. 74. 

Bridge-coloboma, 311; coloboma, artifi- 
cial, 686. 

Bridge, herpetic, 87. 

Brisseau’s discovery of the true seat of 
cataract, 389. 

Buphthalmus, 229, 344. 

Burns of the conjunctiva, 100, 102; of 
the cornea, 188. 


See Copper SuL- 


Caleareous cataract, 377. 

Calomel in cicatrized ulcers of the cornea, 
150; in conjunctivitis lymphatica, 90, 
93; in parenchymatous keratitis, 177. 

Canal, central, of the vitreous, 250, 267, 
395; hyaloid, 250, 267, 395; of Clo- 
quet, 250, 267, 395 ; of Petit, 263 ; optic, 
425; Schlemm’s, 244. 

Canaliculus, 508; cystoid dilatation of, 
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519; occlusion of, by streptothrix 
519; slitting of, 514, 519; stricture of 
519. 

Canaliculus-knife, 514, 740, 

Canalis Cloqueti, 267, 395; hyaloideus, 
395; opticus, 425. 

Canthal ligaments, 462, 463, 466. 

Canthoplasty, 725; for acute blennor- 
rheea, 53, 726; for blepharospasm, 94, 
726; for entropion, 726, 729; provis- 
ional, 725. 

Canthus externus, 459; internus, 459. 

Capillary fistula, 522. 

Capsular advancement, 712; 
pathological anatomy of, 368. 

Capsule, anterior of lens, 8362; Bonnet’s, 
578, 714; of lens, 362; of lens, changes 
in, after removal of lens, 697; of lens, 
opening of, in cataract-extraction, 692, 
694, 703; of Tenon, 525, 578. 

Capsule-forceps, 704. 

Capsulo-lenticular cataract, 364, 377. 

Capsulotome. See CystiTome. 

Carbolic acid in eye-operations, 665. 

Carbon disulphide producing retrobul- 
bar neuritis, 441. 

Carcinoma of chorioid, 327; of lachrymal 
gland, 518; of lids, 506; of orbit, 593. 

Carnivora, luminosity of the pupils in, 
10. 

Carotid, compression and ligation of, for 
pulsating exophthalmus, 595. 

Caruncle, 34; diseases of, 120; sinking 
in of, after tenotomy, 713. 

Cataract, 364; after-, 699; anterior cor- 
tical, 372, 374: anterior polar, 368, 372 ; 
astigmatism after operation for, 654; 
Beer’s operation for, 701, 744; black, 
878, 445; Brisseau’s discovery of seat of, 
389; calcareous, 377; capsular, patho- 
logical anatomy of, 368; capsulo-len- 
ticular, 364, 377; complicated, 3883 ; 
complicating chorioiditis, 388, 384 ; 
complicating corneal suppuration, 383 ; 
complicating detachment of the retina, 
883; complicating diabetes, 382, 385 ; 
complicating general diseases, 382 ; 
complicating glaucoma, 348, 383 ; com- 
plicating irido-cyclitis, 282, 883 ; com- 
plicating myopia, 383; complicating 
retinitis pigmentosa, 383, 384; com- 
plicating rickets, 882; congenital, 381, 
384; cortical, 372, 874; couching of, 


, 
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cataract, 
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700; eystic, 880; Daviel’s original op- 
eration for, 701; depression of, 700; 
De Wecker’s operation for, 694; dia- 
betic, 382, 385; dilaceration of, 688; 
discission of, 688; displacement of, 
700; etiology of, 282, 381, 385, 386; ex- 
traction of, see CATARACT-EXTRACTION ; 
flap-operation for, 693 ; fluid, 376; glau- 
comatous, 348, 383; green, 339; hard, 
377; hemeralopia in, 365: history of op- 
erations for, 699; history of our knowl- 
edge concerning, 888; hypermature, 
376, 377, 381; immature, 374; imma- 
ture, artificial ripening of, 684; imma- 
ture, discission of, 689; incipient, 374, 
377; intumescent, 374, 377; Jacobson’s 
operation for, 702; lamellar, 370, 373 ; 
linear extraction of, 692; mature, 375, 
377; membranous, 376; membranous, 
discission (or dilaceration) of, 690: 
membranous, simple linear extraction 
of, 692; milky, 376; Morgagnian, 376 ; 
musce volitantes in, 364, 366; myopia 
developing in the early stages of, 366; 
naphthalinic, 385; nuclear, 381; nu- 
cleus of, how measured, 378 ; nyctalopia 
in, 865; objective signs of, 364; opera- 
tions for, see CATARACT-EXTRACTION, 
Discisston, Drpression, and REcLINA- 
TION; partial, 368; partial stationary, 
368; pathological anatomy of, 366; 
perinuclear, 370, 373; perinuclear, dis- 
cission of, 689; polar, 368, 369; poly- 
opia monocularis in, 363; posterior 
cortical, 372, 374; posterior polar, 369 ; 
produced by concussion and convul- 
sions, 386; produced by lightning, 386 ; 
produced by lowered temperature, 385 ; 
progressive, 368, 3874; reclination of, 
700; ripening of, 374, 379; ripening of, 
artificial, 684; seat of, discovered by 
Brisseau, 889; secondary, 699; senile, 
374, 381,384; soft, 377; soft, discission 
of, 688, 691; soft, simple linear extrac- 
tion of, 692 ; soft, suction of, 691 ; spon- 
taneous restoration of sight in, 380; 
stages of, 374; Stellwag’s operation for, 
691; subjective symptoms of, 364; suc- 
tion of, 691; swelling, 374, 377; trau- 
matic, 382, 386; traumatic, produced 
by iridectomy, 686; treatment, 386 (see 
also CATARACT - EXTRACTION, Discis- 
sion, DEPRESSION, and RECLINATION); 
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tremulous, 377; unripe, artificial ripen- 
ing of, 684; unripe, discission of, 689 ; 
varying character of opacities in, 378, 
379; Von Graefe’s operation for, 693, 
701-708; zonular, 370. 


Cataracta accreta, 283, 883; arida sili- 


quata, 380; calcarea, 877; capsulo-len- 
ticularis, 877; complicata, 283, 383; 
congenita, 381, 3884; corticalis, 372, 
874; cystica, 380; dura, 371; fluida, 
376; fusiformis, 369; glaucomatosa, 
343, 383; gypsea, 377; hypermatura, 
376, 877; incipiens, 374, 377; in oculo 
glaucomatoso, 343; intumescens, 374, 
377; lactea, 376; matura, 375, 377; 
membranacea, 876; mollis. 8377; Mor- 
gagni, 376; natans, 391; nigra, 378; 
nuclearis, 881; polaris anterior, 368, 
372; polaris posterior, 369; punctata, 
369; secundaria, 699; secundaria ac- 
creta, 699; senilis, 374, 381, 384; spu- 
ria, 866; traumatica, 382, 386; tremu- 
la, 377. 


Cataract-extraction, 692; accidents in, 


696; appearance of eye after, 697; as- 
tigmatism after, 654; Beer's method 
of, 701, 744; conjunctival flap in, 667, 
694, 695; corneal flap-operation for, 
694; Daviel’s operation for, 701; De 
Wecker’s operation, 694; first perform- 
ance of, 701; flap-operation for, 693 ; 
historical sketch of operations for, 
699; inflammation after, 699, 701, 708 ; 
iridectomy in, 688, 694, 702, 703; iri- 
do-cyclitis after, 699, 703; Jacobson’s 
operation for, 702; Jiiger’s method, 
704; Kiichler’s method, 704; Lebrun’s 
method, 704; Liebreich’s method, 704; 
linear, 692, 702 ; luxation of lens in, 697; 
modified linear, 702; Pagenstecher’s 
method, 696; prolapse of vitreous in, 
697, 703; result of, 697; scleral-fiap 
operation for, 693; simple linear, 692 ; 
Stellwag’s method, 694; suppuration 
after, 699, 701, 703; “toilet”? of the 
eye after, 694; Von Graefe’s operation 
for, 6938, 701-703; Weber’s method, 
704; Wenzel’s method, 696: when first 
practiced, 701; with lens-capsule, 696; 
without iridectomy, 688, 692, 694, 695, 
701-703. 


Cataract-knife, Beer’s, 701, 744; linear, 


702, 744: Von Graefe’s, 702, 744. 
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Cataract-prickers, 700. 

Cataract-pricking, 700. 

Catarrh, atropine-, 263; conjunctival, see 
CoNJUNCTIVITIS CATARRHALIS; follicu- 
lar, see CONJUNCTIVITIS FOLLICULARIS; 
of conjunctiva, see CONJUNCTIVITIS CA- 
TARRHALIS; of conjunctiva, pustular 
form, 41; of conjunctiva, vesicular 
form, 41; vernal, 94. 

Catarrhal conjunctivitis, see ConsuNncTI- 
VITIS CATARRHALIS; ulcers of the cor- 
nea, 38, 151. 

Catarrhus siccus, 44, 

Cat’s-eye, amaurotic, 322, 416. 

Cat’s-eye pupil, 687. 

Caustics, injuries of the conjunctiva by, 
102; injuries of the cornea by, 188. 
Cauterization in abscess of the cornea, 
157: in fistula of the cornea, 150; in 
keratectasiz, 208 ; in keratoconus, 209 ; 

in ulcer of the cornea, 148, 153. 

Cavernous sinus, thrombosis of, 470, 584. 

Cavernous tumor of the orbit, 592. 

Cellulitis of the orbit, 583. 

Centering of glasses, importance of, 604. 

Centers, cortical, for ocular movements, 
536; for associated movements of the 
eye, 528, 586; for movements of the 
ocular muscles, 536; visual, 426. 

Central artery (of the optic nerve), 425; 
artery, embolism of, 407; artery, lacer- 
ation and compression of, 408; artery 
of the vitreous, 267, 369; canal of the 
vitreous, 250, 267; chorioiditis, 315: 
non-irritative ulcer of the cornea, 151; 
ophthalmoplegia, 560; parenchyma- 
tous inflammation of the cornea, 182; 
scotoma, 25; vein of the optic nerve, 
425; vein, thrombosis of, 408; vision, 
20. 

Chalazion, 483. 

Chamber, anterior, 243, 244; anterior, 
air in, 676; anterior, examination of, 
8; anterior, hemorrhage into, 669, 
676; anterior, irrigation of, 704; an- 
terior, luxation of lens into, 390, 395; 
anterior, shallowness of, in accommo- 
dation, 615; anterior, shallowness of, 
in glaucoma, 337-340; anterior, shal- 
lowness of, rendering iridectomy dif- 
ficult, 686; anterior, sinus of, 244; pos- 
terior, 243, 244. 

Change of accommodation with age, 622; 
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of air in conjunctivitis lymphatica, 90; 
of refraction with age, 636. 

Chemosis, 50. 

Chiasm, 425, 426. 

Children, comparative infrequency of 
corneal ulcers in, 150; operations in, 
677, 689; watered-silk reflex in, 15. 

Chloral producing retrobulbar neuritis, 
441. 

Chloroform in eye-operations, 666. 

Chloromata of lachrymal gland, 518. 

Chlorosis causing arterial pulsation in 
retina, 15. 

Choked disk, 486, 487, 

Cholesterin in degenerated lenses, 377, 
881; in vitreous, 398. 

Chorio-capillaris, 245. 

Chorioid, 245; adenoma of, 827; car- 
cinoma of, 827; changes of, in myopia, 
816; coloboma of, 328; detachment of, 
823; diseases of, 312; functions of, 
264; inflammation of, 312; layers of, 
245; leuco-sarcoma of, 326; melano- 
sarcoma of, 3824; rupture of, 323; sar- 
coma of, 324; tuberculosis of, 327; 
tumors of, 8324; vessels of, 16, 245, 248; 
vessels of, how distinguished from those 
of retina, 16. 

Chorioidal ring, 13. 

Chorioiditis, 312; anterior, 316; causing 
cataract, 383; causing glaucoma, 359 ; 
centralis, 315; diffuse, 316; dissemi- 
nata, 315; disseminata, scotomata in, 
25; exudativa, 313; metastatic, 320, 
821; non-suppurativa, 313; suppura- 
tiva, 319; suppurativa, diagnosis of, 
822. 

Chorio-retinitis, 316, 409. 

Chromidrosis, 472. 

Chronie conjunctivitis, ete. See Con- 
JUNCTIVITIS, CHRONIC, ete. 

Cicatricial ectropion, 492: ectropion, op- 
erations for, 731; entropion, 490; en- 
tropion, operations for, 729; pterygi- 
um, 108. 

Cicatrix, ectatic, of cornea, 140, 143; of 
operation-wounds, rupture of, 671. 

Cicatrization, cystoid, 218, 671. 

Cilia, blanching of, in irido-eyclitis, 277. 

Ciliary arteries, 248; body, 241; body, 
changes of, in glaucoma, 352; body, 
diseases of, 268; body, function of, 
264; body, tumors of, 302; injection, 
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36; injection, a constant accompani- 
ment of keratitis, 183; muscle, 242, 
243; muscle, action of, in accommo- 
dation, 614; muscle in emmetropia, 
636; muscle in hypermetropia, 636 ; 
muscle in myopia, 635; muscle, myo- 
ma of, 306; muscle, myo-sarcoma of, 
806; muscle, paralysis of, 660; muscle, 
spasm of, 663; muscle, tone of, 668 ; 
muscle, tumors cf, 306 ; processes, 242 ; 
staphyloma, 231; system of vessels, 36, 
248. 

Cilium-forceps, 480, 738. 

Circle, diffusion-, 610; of vessels of Zinn, 
252. 

Circulus arteriosus iridis major, 235, 248 ; 
arteriosus iridis minor, 235, 248 ; major 
iridis, 285; minor iridis, 285. 

Circumcorneal injection, 86. 

Circumlental space, 361. 

Cleansed ulcer of cornea, 1380. 

Clearing of corneal cicatrices, 145. 

Closure of lids, how effected, 460. 

Coated ulcer of cornea, 130. 

Cocaine, anzsthesia from, 666; effects, 
of, 259, 260, 666; employment of, in 
examining the eyeball, 1; employment 
of, in relieving blepharospasm and 
photophobia, 1, 94, 95; mode of action 
of, 259, 260; producing glaucoma, 342; 
uses of, 1, 94, 95, 260, 666. 

Cod-liver oil in conjunctivitis lymphati- 
ca, 91; in parenchymatous keratitis, 
ERG: 

Cold applications in blennorrhoea of the 
conjunctiva, 53; in diphtheritic con- 
junctivitis, care in use of, 82; in dis- 
cission with excessive swelling, 681: in 
injuries of the iris and traumatic iritis, 
295, 296, 301. 

Cold cream, 479, 480. 

Collapsus cornew, 127, 676. 

Collecting lens, 598. 

Colloid degeneration of cornea producing 
the arcus senilis, 195; degeneration of 
the cornea producing zonular opacity, 
196; degeneration of opacities of the 
cornea, 195. 

Collyrium adstringens luteum, 46, 150; 
Horst’s, 46; Romershausen’s, 46. 

Coloboma, artificial, for increase of ten- 
sion, 683; artificial, for optical pur- 
poses, 682; artificial, in cataract-ex- 
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traction, 684; bridge-, 311; bridge-, 
artificial, 686; iridis, 309, 310, 330; 
iridis traumaticum, 300; of the cho- 
rioid, 828; of the iris, 800, 309, 310, 
330; of the lids, 506; of the lids, arti- 
ficial, 725; of the macula, 329, 330; 
of the optic nerve, 829. 

Color-blindness, 452 ; acquired, 458; con- 
genital, 452; diagnostic importance of, 
27, 458; in atrophy of the optic nerve, 
27, 448; tests for, 27, 457. 

Color of the iris, 238, 239. 
Color-perception, loss of, a sign of optic- 
nerve lesion, 27; theories of, 452, 455. 

Color seotoma, 27. 

Color-sense, 20; limits of field for, 27; 
quantitative determination of, 457. 

Color-valence, 455. 

Commissure, external, 459. 

Commotio retin, 419. 

Compensating operation, 709. 

Complicated cataract, 383. 

Compositors, prevalenceof nyopiaamong, 
638. 

Compound hypermetropic astigmatism, 
653, 655; myopic astigmatism, 653, 
655. 

Compresses, cold, see CoLD, APPLICATION 
OF; moist warm, 147 (see also WARMTH, 
APPLICATION OF). 

Coneave cylindrical lens, 601; lens for 
correction of myopia, 16; lens, prop- 
erties of, 598. 

Concentric contraction of the visual 
field, 24. 

Concomitant squint, 563, 702. 

Coneussion of retina, 419; of the eye, 
producing cataract, 386. 

Confluent form of diphtheria, 81. 

Confusion-colors, 454. 

Congenital anisometropia, 658; anoma- 
lies of the chorioid, 328; anomalies of 
the conjunctiva, 116; anomalies of the 
cornea, 196, 210; anomalies of the iris, 
239, 809; anomalies of the lachrymal 
passages, 511; anomalies of the lens, 
369, 870, 881, 384, 392; anomalies of 
the levator palpebre superioris, 499, 
501; anomalies of the lids, 487, 488, 
496, 499, 501, 506; anomalies of the 
muscles of the eye, 499, 501, 561, 562; 
anomalies of the optic disk and nerve, 
329; anomalies of the orbit, 591; anom- 
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alies of the retina, 411; anomalies of 
the sclera, 228; anomalies of the supe- 
rior rectus, 501; anomalies of the vitre- 
ous, 897; astigmatism, 653; cataract, 
369, 870, 881, 884; dislocation of the 
lens, 892; opacities of the cornea, 196; 
ptosis, 499; shortness of the lids, 496; 
tumors, 116, 591. 

Conglobated tuberculosis of the chorioid, 
327, 

Conjugate deviation, 560, 576; paralysis, 
558, 560. 

Conjunctiva, 31; amyloid degeneration 
of, 99: anatomy of, 31; angioma of, 
119; blood-vessels of, 34; bulbi, 33; 
burns of, 102; cicatrices of, follow- 
ing burns and cauterization, 101, 108; 
cicatrices of, following diphtheritic 
conjunctivitis, 81; cicatrices of, in 
trachoma; congenital anomalies of, 
116; corner, 33; cyst of, 117; der- 
moid tumor of, 116; diphtheria of, see 
CONJUNCTIVITIS DIPHTHERITICA; dis- 
eases of, 31; divisions of, 31; epithe- 
lioma of, 116, 119; examination of, 2; 
fibroma of, 120; follicles in, 46; for- 
nicis, 31; fornix of, 31; granulations 
of, in diphtheritic conjunctivitis, 84; 
granulation tumor of, 118; hyperzemia 
of, 48; inflammation of, see ConsuNC- 
TIVITIS; injuries of, 100, 101, 103; 
lepra nodules of, 99; limbus of, 33; 
lipoma of, 117; lupus of, 98; lymphan- 
gioma of, 120; myxoma of, 120; of 
the eyeball, 83; of the fornix, 31, 33; 
of the lids, 81; of the region of tran- 
sition, 31, 83; of the sclera, 33; osteo- 
ma of, 120; palpebral, 31; papillary 
condition of, 36, 73; papillary hyper- 
trophy, 73; papilloma of, 118; pem- 
phigus of, 98; polypi of, 118; produc- 
ing infection in eye-operations, 665; 
sarcoma of, 117, 119: scarification of, 
in acute blennorrhcea, 56; sclera, 33; 
syphilitic inflammation of, 98; syphi- 


jection, 384, 1383; system of vessels, 
36. 


Conjunctivitis blennorrhoica acuta, 49; 


catarrhalis acuta, 37; catarrhalis acuta, 
diagnosis of, from iritis, 275; catar- 
rhalis chronica, 43; caused by acne ro- 
sacea, 97; caused by atropine, 79, 263; 
caused by bacteria, 41, 49, 82-91; 
caused by dazzling, 102; caused by 
diphtheria, 80; caused by eye-strain, 
45; caused by foreign bodies, 45; 
caused by gonorrhea, 49, 54; caused 
by hay-fever, 41; caused by herpes. 
iris, 98; caused by infection during 
birth, 56; caused by inverted cilia, 45; 
caused by irritant liquids and vapors, 
102; caused by lachrymal diseases, 45 ; 
caused by lepra, 98; caused by measles, 
97; caused by pityriasis, 98; caused 
by psoriasis, 98; caused by scrofula, 
85. 89; caused by syphilis, 98; caused 
by variola, 97; caused by vitiated air, 
45; chronic, 43; crouposa, 47; croupo- 
sa, not a diphtheritic process, 83, 84: 
diphtheritica, 80; diphtheritica, ulcers 
of cornea in, 151; eczematosa, 91; ex 
acne rosacea, 97, 151; exanthematica, 
91, 97; follicularis, 46; follicularis, 
produced by atropine, 79, 263; fol- 
licularis. relation of, to trachoma, 78; 
gonorrhoica, 49; granulosa, 73; lym- 
phatica, bacteria in, 91; lymphatiea, 
course and prognosis, 88; lymphatica, 
diagnosis of, 92; lymphatica, etiology 
of, 89, 91; lymphatica, identity of, 
with keratitis phlyetenulosa, 91; lym- 
phatica, pannus in, 87,92; lymphatica, 
symptoms of, 85, 93; lymphatica, syn- 
onyms of, 91; lymphatica, treatment 
of, 90, 93, 94; lymphatica, ulcers of 
cornea in, 151; membranacea, 47; me- 
tastatie gonorrhoeal, 54; phlyctsenu- 
losa, 85, 91; pustulosa, 91; scrofulosa, 
85; simplex, 40; trachomatosa, 58; va- 
riolous, 97. 


Consensual reaction of the pupils, 261. 

Constant strabismus, 564. 

Contagion, how effected in acute blen- 
norrhea, 54; contagiosity of acute 
blennorrhoea, 52, 54; of acute catarrhal 
conjunctivitis, 41; of trachoma, 67, 71, 


litic ulcers of, 104; tarsi, 31; tubercu- 
losis of, 103; tumors of, benign, 115, 
117-120; tumors of, malignant, 116, 
117, 119, 120; ulcers of, 102, 104; 
xerosis of, 111. 

Conjunctival catarrh, see ConsUNCTIVITIS 
CATARRHALIS; division of the cornea, "Bi, 
125, 126; flap, 667, 694, 690; in- Contraction, concentric, of visual field, 
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24; of pupil, governed by oculomotor 
nerve, 256. 

Contraction-furrows of iris, 238. 

Contracture of antagonists in paralysis 
of the ocular muscles, 551. 

Contusion of the eye, 228, 588; produc- 
ing paralysis of accommodation, 661. 

Conus, 316. 

Convergence, capacity for, how tested, 
545 ; contraction of pupil associated 
with, 257. 

Convergence-theory of the production of 
myopia, 639. 

Convergent squint, 564, 565, 707. 

Conversion of old numbers of glasses into 
new, 602. 

Convex cylindrical lens, 600; lenses for 
the correction of hypermetropia, 17; 
lenses, properties of, 598. 

Copiopia hysterica, 451. 

Copper aluminated in conjunctival ca- 
tarrh, 46; sulphate in chronic blennor- 
rheea, 53; sulphate in trachoma, 68; 
sulphate in vernal catarrh, 97. 

Coquille glasses, 600, 601. 

Corectopia, 310. 

Corelysis, 298. 

Cornea, 122; abscess of, characters of, 
180, 154, 159; abscess of, etiology, 156; 
abscess of, glaucomatous, 156; abscess 
of, paracentesis for, 679; abscess of, 
prognosis, 156; abscess of, symptoms 
and course, 154, 155; abscess of, treat- 
ment, 157, 160, 679; affections of, in 
acute blennorrhea, 51; affections of, 
in acute catarrhal conjunctivitis, 38; 
affections of, in chronic eatarrhal con- 
junctivitis, 45; affections of, in con- 
junctivitis lymphatica, 86, 87; affec- 
tions of, in glaucoma, 153, 347, 351; 
affections of, in irido-cyclitis, 283; af- 
fections of, in trachoma, 61, 69, 157; 
anatomy of, 122; annular abscess of, 
51; anterior epithelium of, 1238; as- 
thenic ulcer of, 189; atheromatous ul- 
cer of, 153; blennorrhceal ulcer of, 151; 
burns of, 188; catarrhal ulcers of, 38, 
151; central non-irritative ulcer of, 
151; central parenchymatous infiltra- 
tion of, 182; changes in, producing 
hypermetropia, 644; changes in, pro- 
ducing myopia, 629; cleansed ulcer 


of, 126, 189; cloudiness of, in glau- | 


coma, 347, 351; coated ulcer of, 126, 
138; collapse of, 127, 676; congenital 
anomalies of, 196, 210; conjunctiva of, 
83; conjunctival portion of, 125, 126; 
curvature of, how tested, 126; deposits 
upon, in cyclitis, 272, 276; diffusion 
through, 126; diseases of, 122; dis- 
turbance of nutrition of, producing 
ulcers, 145; divisions of, 125, 126; ec- 
tasie of, 197; ectasie of, causing glau- 
coma, 359; endothelium of, 125; epi- 
thelium of, 123, 125; erosions of, 187; 
erosion of, recurrent, 171, 187; even- 
ness of, how tested, 127; examination 
of, 2,126; facet of, 189, 190; fistula of, 
144, 149; fistula of, causing glaucoma, 
859; fistula of, iridectomy for, 683, 
686; fistula of, treatment, 149, 683, 
686; flattening of, 148; foreign bodies 
in, 185; foul ulcer of, 126, 188; glau- 
comatous oedema of, 347, 351; glau- 
comatous ulcer of, 153; herpetic ulcer 
of, 152; infiltrated ulcer of, 126, 138; 
infiltration of, in conjunctivitis lym- 
phatica, 87: inflammation of, see 
KERATITIS; injuries of, 185; injuries 
of, by burns and caustics, 188; injuries 
of, slight, producing abscess, 156; lay- 
ers of, 123; lymph-system of, 124; 
marginal ulcer of, 152; method of 
infection in acute blennorrhoea, 55; 
nerves of, 125; nutrition of, how ef- 
fected, 126, 257; cedema of, in glau- 
coma, 347, 351; opacities of, 189; 
opacities of, band-shaped, 191; opaci- 
ties of, cause of disturbance of vision 
in, 191; opacities of, congenital, 196; 
opacities of, glasses for, 194; opacities 
of, inflammatory, 189; opacities of, 
iridectomy for, 194; opacities of, met- 
amorphoses in, 195; opacities of, non- 
inflammatory, 190; opacities of, press- 
ure-, 191; opacities of, stenopeic slit 
for, 194; opacities of, trachomatous, 
66 ; opacities of, treatment, 193; opaci- 
ties of, varieties, 194, 195; opacities of, 
zonular, 190, 195; pannous ulcer of, 
157: paracentesis of, 678; paracentesis 
of, how favoring tissue-metamorphosis 
in the eye, 255; paracentesis of, indi- 
cations for, 148, 407, 679, 689; per- 
foration of, 140, 148; polish of surface, 
examination of, 127; posterior epithe- 
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lium, 125; progressive ulcer of, 126, 
138; regressive ulcer of, 126, 139; ro- 
dent ulcer of, 152; rupture of, 228; 
scleral portion of, 125, 126; scraping 
of, for opacities, 193; scrofulous infil- 
trates of, 185; sensitiveness of, how 
tested, 8, 128; serpiginous ulcer of, 
1388; shape of, 122, 126; size and 
form of, 122, 126: solutions of con- 
tinuity in, 186; staphyloma of, 197; 
staphyloma of, ablation, 202, 203; 
staphyloma of, consequences, 199; 
staphyloma of, enucleation for, 203, 
717; staphyloma of, excision, 202, 203; 
staphyloma of, incision, 201, 203; 
staphyloma of, increase of tension in, 
200, 205; staphyloma of, iridectomy 
for, 203, 683; staphyloma of, morbid 
anatomy, 204; staphyloma of, treat- 
ment, 201, 683, 717; stroma of, 1238; 
structure of, 122; tattooing of, 194; 
torpid ulcer of, 139; trachomatous 
ulcer of, 151; transparency of, 128. 
transplantation of, 193; traumatic ul- 
eer of, 151, 159; traumatism of, see 
CorNEA, INJURIES OF; tumors of, 210; 
ulcer of, 138; ulcer of, cicatrization of, 
139; ulcer of, clinical signs, 130; ul- 
cer of, course, 138, 139; ulcer of, eti- 
ology, 145, 151; ulcer of, nature, 129, 
130; ulcer of, perforation in, 140: ulcer 
of, prognosis, 150; ulcer of, regener- 
ation, 134, 139, 142; ulcer of, sequel, 
139-141, 148-145; ulcer of, stages, 138, 
139; ulcer of, symptoms, 138, 189; ul- 
cer of, treatment, 146, 150, 153, 154; 
ulcer of, varieties, 45, 61, 86, 126, 138, 
139, 151-153, 157, 159; uveal portion 
of, 125, 126; vascularization of, 132; 
vesicles of, see KERATITIS WITH THE 
ForRMATION OF VESICLES. 

Corneal astigmatism, 653, 654, 657: flap- 
extraction, 694; incisions, 667; reflex, 
examination of, 3. 

Corneitis, (see Keraritis); scrofulosa, 
180. 

Corona ciliaris, 241. 

Corpus vitreum, 895. 

Corpuscles of the cornea, 124. 

Correction of astigmatism, 654, 656; of 
hypermetropia by a convex lens, 17; 
of insufficiency, 544, 708; of myopia 
by a concave lens, 17; of paralytic 


strabismus, 555, 709; of presbyopia, 
628; of squint, 567, 707. 

Corrosive sublimate in diseases of the 
eye, 48, 53, 58; in eye-operations, 665. 

Cortex of lens, 361. 

Cortical cataract, 872, 874; centers for 
the ocular movements, 536; paralyses 
of the ocular muscles, 553, 560. 

Coryza producing blennorrhea of the 
lachrymal sac, 512. 

Cosmetic enucleation, 717. 

Couching, 700. 

Couching-needle, 743. 

Counter-puncture and puncture, situa- 
tion of, in cataract-extraction, 693, 
694, 702. 

Crab’s eyes inserted into the eye, 101. 

Credé’s method of prophylaxis of blen- 
norrhcea neonatorum, 57. 

Crescent, atrophic, 316; below the pa- 
pila, 318. 

Crossed diplopia, 530. 

Croupous conjunctivitis, 47. 

Crusta lactea, 469. 

Cryptophthalmus, 507. 

Crypts of the iris, 235, 237. 

Crystalline body, crystalline lens, 
Lens, CRYSTALLINE. 

Crystalline swelling of Soemering, 698. 

Curvature of the cornea, how tested, 
126. 

Curved incisions, 667; incisions in cata- 
ract-operations, 703. 

Cutaneous diseases accompanied by con- 
junctivitis, 97, 98; diseases, classifica- 
tion of blepharitis as, 480; diseases of 
lids, 468, 471, 472; horns on lids, 505. 

Cyclitie shell, 281. 

Cyclitis, 272 (see also Irtt1s and Irrpo- 
cycLitts); diagnosis from iritis, 274; 
simple, 275; symptoms of, 272. 

Cycloplegia. See Cinrary muscLE, Pa- 
RALYSIS OF. 

Cylindrical lens, 600. 

Cylindromata of lachrymal gland, 518; 
of orbit, 595. 

Cysts, dermoid, of conjunctiva, 117; of 
iris, 302, 803; of lids, 505; of orbit, 
591, 593. 

Cystic cataract, 880. 

Cysticercus in anterior chamber, 304; in 
conjunctiva, 118; in vitreous, 397, 399 ; 
operations for, 415, 680. 


See 
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Cystitome, 703, 744. 
Cystoid cicatrization, 218, 671. 


Dacryoadenitis, 518. 

Dacryoceystitis, 517, 521; blennorrhoica, 
519; catarrhalis, 519; phlegmonosa, 
519. 

Dacryops, 518. 

Daltonism, 452. 

Darkening of room not necessary after 
operations, 676. 

Daviel’s discovery of the method of cata- 
ract-extraction, 701; scoop, 484, 674, 
684, 692, 694, 744. 

Dazzling, cause of, in opacities of the 
cornea, 196; producing conjunctivitis, 
102; producing retinitis, 410. 

Decussation of the optic nerve, 426, 
429, 

Deep forms of keratitis, 172; keratitis 
in irido-cyclitis, 184; scrofulous infil- 
trates of the cornea, 185. 

Degeneration, glaucomatous, 340, 342; 
of cataractous lenses, 377; of corneal 
opacities, 195; pigmentary, of retina, 
410. 

Delirium after eye-operations, 677. 

Deposits on cornea, 272, 276, 277. 

Depressio cataracte, 700. 

Depression of cataract, 700; of eye, how 
effected, 528. 

Dermic graft for ectropion, 733. 

Dermoid cysts of lids, 505; tumors of 
conjunctiva and cornea, 116, 210. 

Descemetitis, 278. 

Descemetocele, 140. 

Descemet’s membrane, 125. 

Descending atrophy of the optic nerve, 
439, 442; neuritis, 436, 437. 

Desmarre’s elevators (or lid-retractors), 
2, 666, 737; entropion-forceps, 738. 

Detachment of the chorioid, 323; of the 
retina, 413; of the retina, sclerotomy 
in, 680; of the retina, scotoma in, 25. 

Determination of astigmatism, 18, 655; 
of field of vision, 21; of hypermetro- 
pia, 641; of insufficiency, 546; of myo- 
pia, 626; of presbyopia, 624; of refrac- 
tion, 16, 626, 641, 655. 

Development of the eye, 264. 

Deviation, conjugate, 560, 576; of eye 
behind a screen, 542; of squinting eye, 
measurement of, 563, 5725; primary 
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and secondary, in concomitant squint, 
563; primary and secondary, in para- 
lytic squint, 548. 

De Wecker’s capsular advancement, 712; 
method of cataract -extraction, 694; 
method of performing iridotomy, 687; 
scissors-forceps, 687, 742. 

Diabetic cataract, 382, 885; iritis, 287; 
paralysis of the accommodation, 664; 
retinitis, 404; retrobulbar neuritis, 
441. 

Diachylon-ointment in eczema of the 
lids, 470. 

Diagnostic table of the paralyses of the 
ocular muscles, 555. 

Diaphoretics in detachment of the reti- 
na, 414; in iritis, 295; in opacities of 
the vitreous, 396; in optic neuritis, 
437; in retinitis, 405, 412; in super- 
ficial scleritis, 213. 

Diaphragm, action of iris as a, 256. 

Diathesis, scrofulous, agency in the pro- 
duction of conjunctivitis lymphatica, 
89. 

Dieffenbach’s blepharoplasty, 7382; meth- 
od of tenotomy, 710. 

Differentiation, minimum of, 28. 

Diffuse chorioiditis, 316; trachoma, 74, 

Diffusion circles, 610. 

Dilaceratio cataracte, 690. 

Dilaceration, 690. 

Dilatation of cavities adjoining orbit, 
595; of pupil, governed by sympa- 
thetic, 256; of lachrymal strictures, 
514, 520. 

Dilator pupilla, 237, 239. 

Dioptre, 599, 602. 

Diphtheria, confluent, 81; en plaques, 
81; of the conjunctiva, 80; partial, 
81. 

Diphtheritic paralysis of the accommo- 
dation, 660, 668; paralysis of the ocu- 
lar muscles, 554. 

Diplopia, binocular, 580; character of, 
in paralytic squint, 550, 558; crossed, 
530; developing after tenotomy, 571; 
heteronymous, 530; homonymous, 5380; 
in strabismus, 564; monocular, 582, 
541; tabular view of, in paralysis, 558 ; 
vertical, 531; with difference of level, 
581; with obliquity, 531. 

Direct method of examination with the 
ophthalmoscope, 6; vision, 20. 
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Disassimilation of visual substances in 
retina, 455. 

Discissio cataractee, 688. 

Discission, Bowman’s method of, 692; of 
membranous cataract, 690; of soft cat- 
aract, 688, 691. 

Discission-needle, 688, 743; employed for 
capsulotomy, 703; employed in simple 
linear extraction, 692. 

Disease, Basedow’s, 589, 590; Graves's, 
590. 

Diseases of the chorioid, 312; of the 
ciliary body, 268; of the conjunctiva, 
31; of the cornea, 122; of the iris, 268; 
of the lachrymal passages, 508; of the 
lens, 361; of the lids, 459; of the ocular 
muscles, 497, 524; of the optic nerve, 
420; of the orbit, 577; of the retina, 
400; of the sclera, 211; of the uvea, 
234; of the vitreous, 395. 

Dislocation of the eyeball, 579, 586; of 
the lens, 389; of the lens in cataract- 
extraction, 697. 

Dispersing lens, 598. 

Displacement of cataract, 700; of the 
zone of hair-follicles, 720; parallactic, 
ile 

Disseminated chorioiditis, 315; sclerosis 
producing optic-nerve atrophy, 442; 
tuberculosis of the chorioid, 327. 

Dissemination of trachoma, 72. 

Distichiasis, 487, 488; operations for, 
Gag. 

Disturbances of motility of the eye, 524. 

Divergent squint, 564, 566; squint, op- 
eration for, 708. 

Division of strictures of the nasal duct, 
521. 

Donders’s schematic eye, 606; theory of 
glaucoma, 390; work in refraction, 
597. 

Double images, in ocular paralysis, table 
of, 558; pupil, produced in iridectomy, 
686; pupil, vision with, 541. 

Dressing in eye-operations, 666, 676. 

Dropsy of lachrymal sac, 513; of maxil- 
lary and frontal sinuses, 596. 

Duboisine, 263. 

Duct, lachrymal, 509: nasal, 509. 

Ductus lacrimalis, 509. 

Dural sheath of optic nerve, 423. 

Dynamic squint, 543, 

Dyslexia, 451. 
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Kcarteurs, 666. 

Eechymoma subconjunctivale, 114. 

Ecchymoses of conjunctiva, 114; of lids, 
502, 504. 

Ketasiw, lymphatic, 115; of cornea, 197; 
of sclera, 227. 

Ectatic cicatrix of cornea, 140, 143. 

Ectogenous infection in abscess of cor- 
nea, 156; in suppurative chorioiditis, 
320. 

Ectopia lentis, 392; pupille, 310. 

Ketropion, 490; cicatriceum, 492; cica- 
tricial, 492, 731; how developed in 
trachoma, 65; in conjunctivitis catar- 
rhalis chronica, 44; luxurians, 491; 
operations for, 7380; paralytic, 492, 731 ; 
paralyticum, 492; sarcomatosum, 75, 
491; senile, 492, 730, 731; spastic, 491; 
tarsorrhaphy for, 727. 

Effect of squint-operation, how gauged, 
705; of tenotomy, how diminished, 
712; of tenotomy, how increased, 711. 

Efflorescences of conjunctivitis lymphat- 
ica, 85, 86. 

Egyptian ophthalmia, 67, 71. 

Electric light producing conjunctivitis, 
102; producing retinitis, 410. 

Electricity in essential blepharospasm, 
501; in optic-nerve atrophy, 443; in 
paralysis of the ocular muscles, 555; 
in paralysis of the orbicularis, 492; in 
retinitis pigmentosa, 412. 

Electrolysis in trichiasis, 487; in tumors 
of the orbit, 529; in ulcers of the cor- 
nea, 154. 

Electromagnet for removing foreign bod- 
jes, 221, 227, 741. 

Flephantiasis of lids, 472. 

Elevation of eye, how effected, 528. 

Elevators, 666; Desmarre’s, 2, 666, 737. 

Embolism of central artery, 406. 

Embryology of eye, 234, 264. 

Emmetropia, 605; character of ciliary 
muscle in, 636, 

Emphysema of lids in fracture, 503; of 
orbital tissues, 587; subconjunctival, 
115. 

Empyema of the frontal and maxillary 
sinuses, 596. 

Encanthis benigna, 121; maligna, 121. 

Encephalocele of orbit, 593. 

Enchondroma of lids, 506. 

Endogenous infection in abscess of cor- 
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nea, 157; in suppurative chorioiditis, 
320. 

Endothelioma of orbit, 595. 

Endothelium of cornea, 125; of lymph- 
passages of the eye, 252. 

Engorgement neuritis, 437. 

Enophthalmus, 581; traumaticus, 581. 

Entropion, 488: canthoplasty for, 726, 
729; cicatriceum, 490; cicatricial, 490, 
729; how developed in trachoma, 69; 
operations for, 726, 728, 729; organi- 
cum, 489; spastic, 488, 728; spasticuin, 
488. 

Entropion-forceps, 738. 

Enucleation, 718, 716; anesthesia in, 
666; dangerous in panophthalmitis, 
322; indications for, 171, 221, 222, 296, 
808, 321, 328, 3826, 328, 356, 360, 393, 
417, 595, 716; instruments for, 739 ; 
method of performing in case of ma- 
lignant growths, 716; not an absolute 
preventive of sympathetic ophthalmia, 
298; primary, 716; secondary, 716. 

Epicanthus, 507. 

Epidermic graft for ectropion, 733. 

Epilating-forceps, 480, 738. 

Epilation in blepharitis ulcerosa, 480, 
481; in trichiasis, 487. 

Epiphora, 511, 522. 

Episcleral tissue, 33, 212. 

Episcleritis, 212. 

Epithelioma of conjunctiva, 116, 119; of 
lids, 506. 

Epithelium, anterior, of cornea, 123; 
pigment-, 247; posterior of cornea, 120, 

Equator of lens, 361. 

Equatorial staphyloma of sclera, 228, 
280. 

Equilibrating operation, 710. 

Equilibrium of ocular muscles, 542; test 
for insufficiency, 546. 

Erect image, examination with, 6. 

Erosions of cornea, 171, 187. 

Errors of refraction and accommodation, 
597, 

Erysipelas of lids, 468, 473. 

Erythropsia, 704. 

Kserine, action of, 259 (see also Mror- 
Ics); in anterior synechiw, 297; in fis- 
tula of cornea, 149; in glaucoma, 342, 
356; in paralysis of accommodation, 
661; in ulcer of cornea, 153. 

Ksophoria, 548, 709. 
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Essential blepharospasm, 498, 500; 
phthisis, 360. 

Ether in eye-operations, 666. 

Eversbusch’s operation for ptosis, 736. 

Eversion of border of lid, 478, 490; of 
lids, necessity of, in examining eye, 2; 
of puncta, 478, 519. 

Evisceration of eye, 322, 718. 

Exacerbation, evening, in conjunctivitis 
catarrhalis, 38; morning, in conjunc- 
tivitis lymphatica, 88. 

Examination, general, of patient, 1; ob- 
jective, of eyes, 1; of anterior cham- 
ber, 3; of conjunctiva, 2; of cornea, 
2, 126; of corneal reflex, 2; of eyeball, 
1; of field of vision, 21; of iris, 3; of 
lens, 8,375; of lids, 1; of malingerers, 
29; of refracting media, 11; of refrac- 
tion, 16, 626, 641. 655; of sensitive- 
ness of eye, 3; of tension, 4, 254; with 
erect image, 6, 16; with inverted im- 
age, 7,19; with ophthalmoscope, 4. 

Exanthematous conjunctivitis, 97. 

Excavation, 13: atrophic, 335: glaucom- 
atous, 332, 3834; partial, 335; physio- 
logical, 18, 834; total, 18, 335. 

Excision of prolapsed iris, 149, 669; of 
staphyloma of cornea, 202, 203. 

Excursion-range of eye in squint, 573. 

Excursions of eyeball, how measured, 535. 

Exenteratio bulbi, 718; orbita, 714, 718. 

Exenteration of eyeball, 322, 718; of or- 
bit, 714, 718. 

Exertion avoided after operations, 670, 
676. 

Exophoria, 548, 709. 

Exophthalmometer, 581. 

Exophthalmus, 579 ; after tenotomy, 718 ; 
character of, in tumors of optie nerve, 
444; due to dilatation of frontal and 
maxillary sinuses, 595 ; due to emphy- 
sema, 587; due to oculomotor paraly- 
sis, 552; pulsating, 594, 

Exostosis eburnea, 595. 

Experiment, Iering’s, 539; Scheiner’s, 
541. 

Exposure to air, effect of, in producing 
conjunctivitis, 45. 

Extent of field of vision, 23. 

External canthal ligament, 463, 466; 
canthus, 459; commissure, 459; oper- 
ation-wound, 672; rectus, see Rect, 
EXTERNAL, 
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Externi, insufficiency of, 543. 

Extirpatio bulbi, 714. 

Extirpation of eyeball, 714; of lachrymal 
sac, 516. 

Extractio cataracte, 692. 

Extraction of cataract, see CATARACT-EX- 
TRACTION; of dislocated lens, 393. 

Extravasation of blood into orbit, 586; 
of blood, subconjunctival, 113. 

Extrinsic muscles of eye, 524. 

Exudate, chorioidal, distinguished from 
atrophic spots, 315: gelatinous, in an- 
terior chamber, 276; into vitreous, in 
eyclitis, 274; lenticular, in anterior 
chamber, 276; spongy, in anterior 
chamber, 276. 

Eye, appearance of, after cataract-extrac- 
tion, 697; artificial, 715, 717; develop- 
ment of, 264; healthy, enucleation of, 
when required, 717; hygiene of, in 
conjunctivitis, 40; hygiene of, in iri- 
tis, 295; hygiene of, in myopia, 634, 
638; injuries of, summarized, 588; 
lymph-passages of, 250; nutrition of, 
252; objective examination of, 1; op- 
tical properties of, 605; position of, in 
orbit, 579; reduced, 605; refraction of, 
605; schematic, 605. 

Eyeball, atrophy of, 281, 284, 716; axes 
of, 526; conjunctiva of, 33; contusions 
of, 223, 588; dislocation of, 579, 586; 
ectasia of, see SCLERA, STAPHYLOMA OF, 
and CorNEA, STAPHYLOMA OF; elonga- 
tion of, in myopia, 631, 635; enuclea- 
tion of, 713; evisceration of, 322, 718; 
examination of, 1; exenteration of, 
322, 718; extirpation of, 714; foreign 
bodies in, 219, 225-227; general rules 
for operation upon, 666; hemorrhage 
from, 670, 717; injuries of, 216, 228, 
588, 716; luxation of, 579, 586; moist- 
ening of, effected by various agencies, 
510; operations upon, 678; phthisis of, 
320, 323; rupture of, 223; shape of, in 
hypermetropia, 646; shape of, in my- 
opia, 631; tumors of, causing glau- 
coma, 359; tumors of, necessitating 
enucleation, 716. 

Eye-stones, inserted into the eye, 101. 

Eye-water. See CoLLyRium. 


Facet of cornea, 139, 190. 
Facultative hypermetropia, 644. 


Falling bodies, Hering’s test with, 539. 

False image, 532; orientation, in para- 
lytic squint, 549. 

Far-point, 615; determination of, 619; 
in hypermetropia, 641, 648; recession 
of, in old age, 624; virtual, in hyper- 
metropia, 641, 

Far-sight, 640. 

Fascia of ocular muscles, 5383; of orbit, 
578: of Tenon, 525; tarso-orbitalis, 
578. 

Fascicular keratitis, 86, 87; paralyses of 
the ocular muscles, 553, 561. 

Fasciculus, vascular, 86. 

Fibroma of the conjunctiva, 120; of lids, 
506. 

Fibroma molluscum of lids, 505. 

Field of fixation, 536; of vision, determi- 
nation of, 21, 682, 684; of vision, ex- 
tent of, 23, 27; of vision for colors, 27; 
of vision in detachment of the retina, 
413; of vision in glaucoma, 25, 334; 
of vision in retinitis pigmentosa, 410; 
of vision, necessity of determining in 
opacities of refracting media, 682, 684; 
of vision, pathological alterations of, 
24 (see also Scoroma and Hemropta); 
of vision, projection of, 22. 

Filamentous keratitis, 171. 

Filaria oculi humani, 399. 

Filtration-cedema, 115. 

Fingers as a test for vision, 609. 

Fissure, foetal ocular, 266. 

Fistula, capillary, 522; lachrymal, 517, 
522; of cornea, 144, 149, 583, 586. 

Fixation, field of, 536. 

Fixation-forceps, 667, 737. 

Fixed corpuscles of the cornea, 124; sco- 
tomata, 26. 

Flap, conjunctival, 667, 694, 695. 

Flap-extraction of cataract, 693. 

Flap-incisions, 667. 

Flap-operation for cicatricial ectropion, 
732; for trichiasis, 724. 

Flarer’s operation for trichiasis, 719. 

Fluid cataract, 376. 

Focal distance, principal, 599, 603; illu- 
mination, 2. 

Focus, principal, 599; virtual, 599. 

Foetal ocular fissure, 266. 

Fold, semilunar, 34. See PLica SEMILU- 
NARIS, 

Fotlicles in the conjunctiva, 46. 
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Follicular catarrh, 46. 

Forceps, fixation, 667. 

Foreign bodies in the cornea, 185; in the 
eye, 219, 225-227; in the vitreous, 397 ; 
sclerotomy for, 680. 

Foreign-body hook, 741; 
741. 

Fornix conjunctive, 31, 
Forster’s operation for ripening cataract, 
684; perimeter, 22; photometer, 28. 
Fossa patellaris, 895; sacci lacrimalis, 

508. 

Foul ulcer of cornea, 130. 

Fourth nerve, course and nucleus of, 537; 
paralysis of, 552, 558. 

Fovea centralis, 15, 400-403. 

Fracture of base of skull, ecchymosis of 
lids in, 504; of bones of orbit, 587, 

Franklin glasses, 604. 

Fricke’s blepharoplasty, 732. 

Frontal axis of eye, 526; sinus, dilatation 
of, 595. 

Fuchs’s method of tarsorrhaphy, 726. 

Fulminating glaucoma, 340. 


needle, 186, 


Functional causes of insufficiency, 548 ;: 


testing, 20. 

Fundus oculi, appearance of, with oph- 
thalmoscope, 8, 12, 15; changes of, in 
myopia, 632, 636; measurement of de- 
pressions and projections of, 18 ; tessel- 
lated, 16, 315. 

Fungi, various species causing abscess 
and ulcer of cornea, 158. 

Funnel, muscular, 524: vascular, 8. 

Fusion of double images, 540. 


Gaillard’s suture for entropion, 728, 

Galvano-cautery in conjunctivitis lym- 
phatica, 90; in corneal ulcers, 148, 
158; in exenteration of orbit, 719; in 
vascular tumors of lids, 505. 

Gaultheria oil in rheumatic iritis, 296. 

Gelatinous exudate into anterior cham- 
ber, 276. 

Gelsemine, 263, 

Genuine atrophy of optic nerve, 442. 

Germans predisposed to myopia, 638. 

Gerontoxon (cornew), 122; lentis, 379. 

Glands, Henle’s, 36; Krause’s, 31; lach- 
rymal, 508; Meibomian, 465; mucous, 
of Waldeyer, 31, 465, 510; of Moll, 463; 
of Zeiss, 43. 

Glandula lacrimalis, 508. 
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Glasses, 298 (see also Lens); bifocal, 
604; centering of, important, 604; 
cylindrical, 600; for astigmatism, 601, 
655; for correction of vision in disloca- 
tion of lens, 394; for hypermetropia, 
how prescribed, 647 ; for myopes, rules 
governing their prescription, 633; for 
opacities of the cornea, 194; for stra- 
bismus, 567; Franklin, 604; hyper- 
bolic, in keratoconus, 210; periscopie, 
600; prescriptions for, how written, 
656; prismatic, 601; protective, 54, 
600, 601; spherical, 600; stenopeic, 
601; strength of, how determined, 
603; strength of, how varying with 
distance from eye, 604; theory of, 598. 

Glaucoma, 332; absolutum, 340; abso- 
lutum, enucleation for, 716; acute, 
337; anatomy of, 351; attack of, 338; 
atropine in, baneful action of, 264, 341; 
cataract in, 348, 383; cause of increase 
of tension in, 349; changes of ciliary 
body in, 352; changes of cornea in, 
158, 347, 851; changes of iris in, 347, 
351; changes of lens in, 343, 352, 388; 
changes of optic nerve in, 382, 334, 
3852; changes of uvea in, 351; charac- 
ter of aqueous in, 851; ciliary body in, 
852; cornea, cloudiness of, in, 847, 351; 
cornea, ulcer and abscess of, in, 153; 
cause of, 339; diagnosis of, 834, 385; 
eserine in, 264, 341, 342, 356; etiology 
of, 338, 349; evolutum, 338; excava- 
tion of optic nerve in, 332, 384; field 
of vision in, 25, 384; frequency of, 
3834: fulminans, 840; general consid- 
erations, 832; haemorrhage after iri- 
dectomy in, 357; hemorrhagic, 359, 
679; hemorrhagicum, 359; history of 
our knowledge concerning, 834; im- 
portance of diagnosis of, 334: increase 
of tension in, cause of, 349; inflamma- 
torium, 337; inflammatorium acutum, 
337; inflammatorium chronicum, 3840; 
inflammatory, 337, 340; inflammatory, 
its relations to glaucoma simplex, 345; 
iridectomy in, 353, 855, 358, 683; iri- 
dectomy in, difficulties of, 858, 357, 
686; iris changes of, in, 347, 351; lens 
in, 852; malignum, 855; medicinal 
treatment of, 856; miotics in, 264, 341, 
342, 356; mydriatics in, 264, 341, 357; 
cedema of cornea and iris in, 347; oph- 
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thalmoscopic appearances in, 335, 348; 
pain in, 342, 347; pilocarpine in, 264, 
356: pathological anatomy of, 351; 
posterior sclerotomy in, 680; primary, 
337; prodromal stage of, 387; pulsa- 
tion of retinal vessels in, 15; relations 
of, to hypermetropia and myopia, 686; 
sclerotomy in, 356, 679; scotoma in, 
25; secondary, 358; simplex, 343; sim- 
plex, efficacy of iridectomy in, 355, 358; 
simplex, its relations to inflammatory 
glaucoma, 345; simplex, sclerotomy 
in, 679; stages of, 337; symptoms of, 
337, 341, 844; theories of, 346; treat- 
ment of, 353, 356; visual acuity in, 
838. 

Glaucomatous attack, 338; cataract, 348: 
degeneration, 340, 342; excavation, 
382, 335. 

Glioma retina, 416. 

Gonococci producing acute blennorrhea, 
49. 

Gonorrheeal conjunctivitis. see BLENNOR- 
RHGA ACUTA ADULTORUM; iritis, 287; 
ophthalmia, see BLENNORRH@A ACUTA 
ADULTORUM, 

Graft, dermic, for ectropion, 733 ; epider- 
mic, for ectropion, 733. 

Granular conjunctivitis, see TRACHOMA ; 
form of trachoma, 60, 73; lids, see 
TRACHOMA. 

Granulations of conjunctiva after diph- 
theritic conjunctivitis, 84; of conjunc- 
tiva occurring in various diseases, 79 ; 
of conjunctiva, ordinary (= papillary 
form of trachoma), 73; trachomatous, 
73. 

Granulation-tumor of conjunctiva, 118. 

Granuloma of iris. 305, 306, 

Graves’s disease, 590. 

Green-blindness, 452. 

Green cataract, 339. 

Groping test, 549. 


Hemophthalmus, 217, 222. 

Hemorrhage into anterior chamber, 222, 
669, 676; into orbit, 586, 588; into ret- 
ina, 405, 406; into vitreous, 222, 398, 
intra-ocular, enucleation for, 717; in- 
tra-ocular, from perforation of cornea, 
144; intra-ocular in glaucoma, 357, 

Hemorrhagic glaucoma, 259, 679; reti- 
nitis, 405. 
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Hand used for testing field of vision, 21. 

Hard cataract, 377. 

Hasner’s valve, 511. 

Hay-fever, 41. 

Head, oblique position of, in concomi- 
tant squint, 573; oblique position of, 
in paralytic squint, 551; of optic nerve, 
14, 422. 

Healing after operations, 670; irregular, 

70. 

Helmholtz’s discovery of the cause of the 
darkness of the pupil, 10; discovery 
of oblique illumination, 2; discovery 
of the ophthalmoscope, 4; ophthal- 
mometer, 657; theory of color-percep- 
tion, 452, 

Hemeralopia, 447; in cataract, 865; in 
retinitis pigmentosa, 410. 

Hemianopia, 428. 

Hemiopia, 428, 431. 

Hemiopic pupillary reaction, 433. 

Henle’s glands, 36. 

Hering’s experiment with falling bod- 
ies, 589; theory of color-perception, 
455. 

Hernia cerebri, 598; of iris, see Ir1s, PRo- 
LAPSE OF. 

Herpes conjunctive, 73, 91; cornex, 171; 
cornes febrilis, 152, 169, 171; cornese 
of Stellwag, 171; cornez zoster, 152, 
169; febrilis cornes, 152, 169, 171; 
zoster cornex, 152, 169; zoster of lids, 
468, 471; zoster ophthalmicus, 169, 
468. 

Herpetic bridge, 87. 

Heteronymous diplopia, 580. 

Heurteloup’s artificial leech, 295. 

Himly’s operation for symblepharon, 111. 

Hippus, 308. 

Histology. See Microscopic ANATOMY. 

History of cataract-operations, 699; of 
our knowledge about cataract, 388; of 
our knowledge about glaucoma, 334; 
of our knowledge about trachoma, 71. 

Holmgren’s worsted test for color-blind- 
ness, 457. 

Homatropine, 263; producing glaucoma, 
342. 

Homonymous diplopia, 5380; hemiopia, 
428; muscle, tenotomy of, 709. 

Honey-eysts of orbit, 593. 

Hook, foreign-body, 741; Reisinger’s, 
697; Sédillot’s, 737; sharp, for cap- 
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sulotomy, 704, 744; squint-, 739; Tyr- 
rel’s, 744; Weber’s, for capsulotomy, 
704, 744. 

Hordeolum, 482: externum, 482; inter- 
num, 482; meibomianum, 482; zeissia- 
num, 482. 

Horner’s muscle, 466, 

Horns on lids, 505. 

Horst’s eye-water, 46. 

Hotz’s operation, 722, 728, 725, 729. 

Humor, aqueous, 252; vitreous, see ViT- 
REOUS Humor. 

Hutchinson’s teeth, 176. 

Hyaloid artery, 267, 895; artery, persist- 
ence of, 397; canal, 250, 267. 

Hydrophthalmus, 344; enucleation for, 
717; iridectomy in, 358; sclerotomy 
for, 679. 

Hydrops sacci lacrimalis, 513; vagine 
nervi optici, 485. 

Hygienic treatment of chorioiditis, 315; 
treatment of conjunctivitis, 40, 46; 
treatment of iritis, 295; treatment of 
myopia, 634, 638; treatment of optic 
neuritis, 437; treatment of retinitis, 
405; treatment of trachoma, 70. 

Hyoscine, 263. 

Hyoscyamine (or duboisine), 263. 

Hyperemia of the conjunctiva, see Con- 
JUNCTIVITIS CATARRHALIS CHRONICA; of 
the optic nerve, 437; of the retina, 
403. 

Hyperbolic glasses in keratoconus, 210. 

Hypermature cataract, 376, 377, 381. 

Hypermetropia, 640 ; absolute, 645 ; axial, 
644; causes of, 644; character of eye 
in, 646; ciliary muscle in, 6386; con- 
cealment of, by accommodation, 642; 
confounded formerly with presbyopia, 
647; correction of, by convex lens, 17; 
determination of, 17, 641; developing 
in old age, 624; eyeball in, 646; facul- 
tative, 644; far-point in, 640, 648; 
latent, 643; manifest, 643; objective 
determination of, 17, 641; position of 
far-point in, 640, 648; produced by 
cataract-extraction, 698; producing as- 
thenopia, 645; producing convergent 
squint, 565; producing early presbyo- 
pia, 646 ; region of accommodation in, 
648; relative, 645; relation of, to glau- 
coma, 686; relief of, by glasses as a 
cure for convergent strabismus, 567; 
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simulating myopia, 648 ; subjective de- 
termination of, 643; total, 643; treat- 
ment, 647; typical, 644. 

Hypermetropic astigmatism, 653, 655. 

Hyperphoria, 548, 706, 709. 

Hypertonia, 254. 

Hypertrophie périkératique, 95. 

Hyphema, 300. 

Hypomycetes causing abscess and ulcer 
of cornea, 158. 

Hypochyma, 388. 

Hypopyon, 183, 136. 

Hypopyon-keratitis, 159. 

Hypostatie congestion of lungs after eye- 
operations, 677. 

Hypotonia, 254, 360. 

Hysterical amblyopia, 450; asthenopia, 
451; blepharospasm, 498, 500. 


Iced compresses in acute blennorrheea, 
53; in discission, 689. 

Idiopathic retinitis, 405. 

lllacrimatio, 511. 

Illumination, focal, 
lique), 2. 

Image, apparent (or false), 5382; real (of 
a lens), 598; real (or true), in diplopia, 
532; reflex of Purkinje-Sanson, 3; re- 
tinal, size of, 605; true, 5382; virtual 
(of a lens), 599. 

Incarceration of iris, 190, 668, 669, 

Inch system of numbering lenses, 602. 

Incipient cataract, 3874, 377. 

Incision, corneal, 667; curved, 667; 
curved, in cataract-extraction, 703 ; 
flap-, 667; how made in scleral-flap 
extraction, 693; linear, 667; linear, in 
eataract-extraction, 701-703; of ab- 
scess of cornea, 679; of staphyloma, 
201; position of, 667; scleral, 667; 
shape of, 667. 

Inclined double images, 531. 

Inelusion of iris, 190, 668, 669. 

Incomplete hemiopia, 431. 

Indications for ecanthoplasty, 726; for 
discission, 688, 691; for enucleation, 
171, 221, 222, 296, 303, 321, 323, 326, 
828, 356, 360, 393, 417, 595, 716; for 
flap-extraction, 694; for iridectomy, 
681, 683; for paracentesis, 678, 679; 
for simple linear extraction, 692; for 
squint operation, 707; for tarsorrha- 
phy, 727. 


2; 


lateral (or ob- 
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Indirect method of ophthalmoscopy, 6; 
vision, 20. 

Infarcts of Meibomian glands, 484. 

Infection, ectogenous, 156, 320; endoge- 
nous, 157, 320. 

Infectious character of trachoma, 67, 71, 
72. 

Inferior lachrymal gland, 508; oblique, 
see OBLIQUE, INFERIOR; rectus, see REc- 
TI, INFERIOR; tarsal arch, 382. 

Infiltrated ulcer of cornea, 180. 

Infiltration in keratitis, 128. 

Inflammation of chorioid, see CuHort- 
orpitis; of ciliary body, see Cycuitis ; 
of conjunctiva, see ConsuNcTIVITIS ; of 
cornea, see KERATITIS, CORNEA, AB- 
SCESS OF, and CorRNEA, ULcer or; of 
iris, see IrntTIs and Irrpo-cycLitis; of 
lids, see BLepHaRiItTIs; of optic nerve, 
see NEuRITIS, Optic; of orbit, see Or- 
BIT, CELLULITIS OF; of retina, see RETI- 
NITIS ; of sclera, see SCLERITIS ; of uvea, 
see Initis, IRIDO-cYCLITIS, CyYCLITIS, 
and Cuortorpiris; pathology of, illus- 
trated by the morbid anatomy of kera- 
titis, 134. 

Inflammatory atrophy of optic nerve, 
443; glaucoma, 337; edema, 114, 472, 
473. 

Influenza producing retrobulbar neuri- 
tis, 439. 

Injection, ciliary, 36, 133 ; cireumcorneal, 
36; conjunctival, 34, 133; pericorneal, 
36. 

Injuries of conjunctiva, 100; of cornea, 
185; of eye, 216 et seq., 223, 588, 716; 
of eye, enucleation for, 716; of eye, 
frequency of, 227; of eye, summary of, 
588; of iris, 299; of lids, 502; of orbit, 
586; of retina, 419. 

Insertion of recti muscles, 533. 

Instruments, disinfection of, 665; for 
cataract-extraction, 744; for discission, 
743 ; for ectropion - operations, 788 ; 
for entropion-operations, 738; for enu- 
cleation, 739; for extraction of foreign 
bodies, 741; for iridectomy and iridot- 
omy, 742; for keeping eye open and 
in place, 737; for lachrymal stricture, 
740; for operations upon lachrymal 
apparatus. 740; for operations upon 
lens, 748, 744; for operations upon lids, 
738; for operations upon muscles, 739 ; 
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for paracentesis, 743; for ptosis-opera- 
tions, 738; for squint-operations, 739; 
for tattooing cornea, 741; for tenotomy, 
739 ; for trichiosis-operations, 738. 

Insufficiency of externi, 543; of interni, 
543; of interni, producing myopia, 
633; of ocular muscles, 542; operation 
for, 708; vertical, 543. 

Intercalary staphyloma, 231. 

Intermittent strabismus, 570, 576. 

Internal canthal ligament, 462, 466 ; can- 
thus, 459; operation-wound, 672; rec- 
tus, see Recri, INTERNAL. 

Interni, insufficiency of, 548, 633. 

Interpalpebral spot, 34; zone, 467. 

Intervaginal space, 250, 423. 

Intracranial paralyses of ocular muscles, 
553, 560; section of optic nerve, 425. 

Intra-ocular division of optic nerve, 420; 
pressure, 253. 

Intrapeduncular paralysis, 561. 

Intrascleral division of optic nerve, 420. 

Intrinsic muscles of eye, 524. 

Introversion of iris, 300, 302. 

Invaginations, lateral, of ocular muscles, 
525, 578. 

Inversion of zone of hair-follicles, 723. 

Inverted image, determination of refrac- 
tion with, 19; image, examination 
with, 6; image, parallactic displace- 
ment with, 18. 

Iodides and iodine in chorioiditis exuda- 
tiva, 315; in conjunctivitis lymphatica, 
91; in deep scleritis, 215; in detach- 
ment of retina, 414; in iritis. 296; in 
opacities of vitreous, 396; in optic- 
nerve atrophy, 443; in optic neuritis, 
437; in parenchymatous keratitis, 177; 
in retinitis, 405, 412; in scleritis, 213, 
215; in syphilitic paralyses of ocular 
muscles, 554; in syphilitic periostitis 
of orbit, 583; in tobacco-amblyopia, 
440, 

Iodoform in abscess of cornea, 157; in 
tuberculous conjunctivitis, 103 ; in ul- 
cers of cornea, 147, 153; in wounds of 
cornea, 188. 

Iodoform-gauze in enucleation, 715; in 
operation for orbital periostitis, 583. 
Iridectomy, 680; accidents in, 686; astig- 
matism after, 654; contra-indications 
for, 682; difficulties in performance of, 
8538, 357, 686; for corneal opacities, 194, 
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681; for dislocation of lens, 398, 394: 
for ectatic prolapse of iris, 149; for 
fistula of cornea, 149; for glaucoma, 
353, 688; for hydrophthalmus, 358; 
for increase of tension, 353, 358, 683 ; 
for irido-chorioiditis, 298; for iritis, 
295; for keratectasia, 208; for kera- 
titis vesiculosa, 170; for lamellar cata- 
ract, 871; for occlusio pupille, 297; 
for optical purposes, 681, 684; for 
scleritis, 215; for seclusio pupille, 297, 
298; for staphyloma of cornea, 203; 
for total posterior synechia, 297 ; ham- 
orrhage after, in glaucoma, 857; how 
preventing prolapse of iris in opera- 
tions, 675; in cataract-extraction, 683, 
694, 702, 703 ; indications for, 149, 170, 
194, 208, 208, 215, 295, 297, 298, 353, 
358, 371, 393, 394, 681, 688, 694, 702, 
703; injury of iris and lens in, 686; in 
scleral-flap extraction of cataract, 694, 
702, 703; iridodialysis in, 686; pro- 
lapse of vitreous in, 687. 

Tridectomy-forceps, 742. 

Tridectomy-scissors, 742. 

Irideremia, 310; traumatica, 300. 

Trido-chorioiditis, 312; chronica, 287; 
chronica, iridectomy in, 298; plastica, 
319; serosa, 318; suppurativa, 319. 

Irido-cyclitis, 268 (see also IriT1s); after 
cataract-extraction, 699, 703; after de- 
pression of cataract, 700; after discis- 
sion, 689; after keratitis, 145; after 
operations upon eye, 672; causing 
glaucoma, 859; course and termina- 
tion, 279; enucleation for, 716; eti- 
ology of, 285; morbid anatomy of, 277, 
283; plastic, 278; purulent, 145, 278; 
secondary, 291; serous, 278; sym- 
pathica, 289, 292; symptoms, 268 ef 
seq. 

Iridodialysis, 299, 806; in iridectomy, 
686; spontaneous, 233, 

Tridodonesis, 234, 238, 

Iridotomy, 687. 

Iridotomy-scissors, 687, 742. 

Tris, 234; action of, as a diaphragm, 256; 
anatomy of, 284; atrophy of, in iritis, 
280, 283; coloboma of, 3380; color of, 
238, 239; congenital anomalies of, 309 ; 
contraction-furrows of, 238; erypts of, 
235, 237; cysts of, 802; diseases of, 
268; disorders of motility of, 306; ex- 


amination of, 3; foreign bodies of, 
804, 683; formation of gaps. in, 283; 
great circle of, 235; hernia of, sce 
Iris, PROLAPSE oF; hyperemia of, 
268; incarceration of, in corneal cica- 
trices, 190; incarceration of, in opera- 
tion-wounds, 668, 669; inflammatory 
cedema of, in glaucoma, 347; injuries 
of, 288, 299 ; introversion of, 300, 302; 
laceration of, 300; lepra of, 306; lesser 
circle of, 235; limiting membrane of, 
237; melanoma of, 306 : morbid changes 
of, in glaucoma, 351, 852; nodulation 
of, in leucocythemia and pseudo-leu- 
cocythzemia, 805; non-tubercular nod- 
ules of, 305; pearl-cysts of, 3038; pig- 
ment layer of, 237, 239; prolapse of, 
141, 668 ; prolapse of, evil consequences 
of, 669; prolapse of, how averted by 
iridectomy, 675; prolapse of, how diag- 
nosticated, 668; prolapse of, how oc- 
curring, 674; prolapse of, treatment, 
148, 675; protrusion of, in iritis, 283 ; 
radiating lacerations of, 300; reposi- 
tion of, in operations, necessity of, 
668; retinal pigment-layer of, 237, 
239; sarcoma of, 308, 806; sphincter 
of, 235; stroma of, 285; tuberculosis 
of, 302, 304, 305; tumors of, 302; tu- 
mors of, differential diagnosis, 306 ; 
tumors of, iridectomy for, 683. 


Tritis, 268 (see also In1po-cycLiTis); after 


operations upon eye, 288, 672; atrophy 
of iris in, 280, 283; condylomatosa, 
292; diabetica, 287; diagnosis of, 
from conjunctivitis, 275; diagnosis of, 
from ecyclitis, 274; diagnosis of from 
glaucoma, 275; etiology of, 285; gon- 
orrhoica, 287; gummosa, 286, 292; 
idiopathica, 287; in acute conjunceti- 
vitis, 88; in acute infectious diseases. 
287; in keratitis, 183; papulosa, 286, 
292; primary, 285: recurrent, iridec- 
tomy in, 683; recurrent, not dependent 
upon presence of synechiaw, 279; rheu- 
matica, 286; scrofulosa, 286; second- 
ary, 291; serosa, 287; serous, 275, 27 
287 (see Cyciiris); symptoms of, 268; 
syphilitic, 285, 292; traumatica, 288 ; 
treatment, 294; tuberculosa, 286. 


Iron in conjunctivitis lymphatica, $1; in 


seleritis, 215. 


Irregular astigmatism, 654; healing, 670. 
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Irrigation of anterior chamber, 704. 

Irritants for clearing opacities of cornea, 
193; for clearing up ulcers of cornea, 
150; for keratitis profunda, 182; for 
parenchymatous keratitis, 177. 

Irritation, sympathetic, 289, 292. 


Jacobson’s method of cataract-extrac- 
tion, 702. 

Jaesche’s operation for trichiasis, 720, 723. 

Jager’s horn-plate, 719, 738; test-types, 
608, 609. 

Jiiger, Eduard, his method of cataract- 
extraction, 704. 

Javal and Schiétz’s 
657, 748. 

Jequirity ophthalmia, 70; treatment of 
pannus, 1, 69, 80. 

Jews, especially prone to suffer from 
trachoma, 66; predisposed to glau- 
coma, 341, 


ophthalmometer, 


Keratectasia, 207; e panno, 66, 207; ex 
ulcere, 140, 143, 207. 

Keratitis, 128; bullosa, 170; centralis 
annularis, 179; clinical diagnosis of, 
131, 185; complications of, 133 ; deep, 
172, 182, 184; dendritica, 152, 169; 
diagnosis of, 131, 1385; diffusa, 172; e 
lagophthalmo, 161, 165, 167, 168; fas- 
cicularis, 86, 151; filamentous, 171; fce- 
tal, 196; general features of, 128 ; hypo- 
pyon-, 159; implication of neighbor- 
ing organs in, 133; interstitialis, 172; 
marginalis, 185; neuroparalytica, 164— 
168 ; non-suppurative, 129; parenchym- 
atosa, 172; parenchymatosa circum- 
scripta, 182; parenchymatous, 172; 
parenchymatous, complications of, 175; 
parenchymatous, etiology of, 175, 180, 
181; parenchymatous, morbid anato- 
my of, 178; parenchymatous, progno- 
sis of. 175; parenchymatous, symptoms 
of, 178; parenchymatous, treatment of, 
177; phlyctenular, see ConsuNcTIVITIS 
LYMPHATICA ; profunda, 172, 179, 182: 
punctata, 277; punctata profunda, 179 ; 
punctata superficialis, 171; punctata 
syphilitica, 179; rheumatica, 182; scle- 
rosing, 182; scrofulosa, 181; springing 
from posterior surface of cornea, 183 ; 
stages of, 128; subdivisions of, 137; 
subjective symptoms of, 134; suppu- 
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rative, 129; symptoms, 184 (see also 
the varieties); syphilitica, 181; trau- 
matie striped, 184; vascularization of 
cornea in, 132, 187; vesiculosa, 170; 
with formation of vesicles, 168; xero- 
tica, 166, 168. 

Keratocele, 140, 149, 207. 

Keratoconus, 208, 210. 

Keratoglobus, 209. 

Keratomalacia, 162, 165, 167, 168. 

Keratonyxis, 688, 691. 

Keratoscope, Placido’s, 658. 

Keratoscopy, 19, 657. 

Knapp’s blepharostat, 719, 738; cysti- 
tome, 744; foreign-body hook, 741; 
knife-needle, 690, 743; operation for 
symblepharon, 111; thread-operation, 
712. 

Knies and Weber’s theory of glaucoma, 
350. 

Knife, Beer’s, 701, 744; lance-, 678, 680, 
692, 742; lance-, concave, of Weber, 
704, 744; linear, of Von Graefe, 702, 
744; Stilling’s, 521, 740. 

Knife-needle, Knapp’s, 690, 743. 

Krause’s glands, 31, 510. 

Kiichler’s method of cataract-extraction, 
704, 

Kuhnt’s operation for ectropion, 731; 
operation for symblepharon, 111. 


Lachrymal duct, 509; duct, sounding of, 
514, 520; duct, stricture of, 512; fis- 
tula, 517, 522; gland, anatomy of, 508 ; 
gland, atrophy of, 518; gland, cystoid 
dilatation of, 518; gland, inflamma- 
tion of, 518; gland, tumors of, 518; 
organs, anatomy of, 508; organs, dis- 
eases of, 508; papillw, 508; passages, 
508; sac, 508; sac, a source of infec- 
tion in eye-operations, 665; sac, blen- 
norhcea of, 511, 519; sac, destruction 
of, for blennorrhoea, 515; sac, extirpa- 
tion of, 516, 666; sac, obliteration of, 
516; sac, tuberculosis of, 520; secre- 
tion, 510; sounds, 514. 

Lachrymation, absence of, 528; excess- 
ive, 522; marked, in conjunctivitis lym- 
phatica, 88. 

Lagophthalmus, 494; tarsorrhaphy for, 
496, 727. 

Lamellar cataract, 370, 375; 
tesis for, 371, 688. 


paracen- 
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Lamina cribrosa, 420, 422; vitrea, 247. 

Laminar cataract, 370. 

Lance-knife, 742; concave, of Weber, 704, 
744; for iridectomy, 680; for paracen- 
tesis of cornea, 678; for simple linear 
extraction, 692. 

Lantern-tests for color-sense, 457. 

Lapides cancrorum, 101. 

Lapis divinus, 46. 

Latent hypermetropia, 643; squint, 548. 

Lateral hemiopia, 428; illumination, 2; 
invaginations of ocular muscles, 525, 
578, 711; tarsorrhaphy, 726. 

Layers of chorioid, 245; of cornea, 123; 
of retina, 400; of secondary ophthal- 
mic vesicle, 265, 

Lead acetate in catarrhal conjunctivitis, 
43; acetate in follicular conjunctivitis, 
47; incrustation, 48; poisoning, pro- 
ducing retro-bulbar neuritis, 439, 441. 

Lebrun’s method of cataract-extraction, 
704, 

Leech, artificial, 295. 

Leeches in acute blennorrheea, 53; see 
also BLOODLETTING. 

Lens, see also GuassEs; bifocal, 604; 
collecting, 598; concave cylindrical, 
601; concave, for correction of myo- 
pia, 16; concave, properties of, 598; 
concavo-convex, 600; convex cylindri- 
cal, 600; convex, for correction of hy- 
permetropia, 17; convexo - concave, 
600; convex, properties of, 598; crys- 
tallina, 361; crystalline, anatomy of, 
361; crystalline, capsule of, 362; 
crystalline, changes in capsule after 
cataract-extraction, 697; crystalline, 
changes in, producing hypermetropia, 
644; crystalline, changes in, produc- 
ing myopia, 629; crystalline, changes 
of position in, 389; crystalline, changes 
of shape in accommodation, 615; crys- 
talline, cortex of, 861; crystalline, dis- 
location of, 889; crystalline, examina- 
tion of, 3; crystalline, excessive swell- 
ing of, after discission, 689; crystal- 
line, expulsion of, in cataract-extrac- 
tion, 694; crystalline, histology of, 
362; crystalline, inflammation of, not 
existing, 368; crystalline, in glaucoma, 
852; crystalline, injuries of, 382, 386; 
crystalline, injury and swelling of, 
causing glaucoma, 359, 689; crystal- 
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line, luxation of, 144, 359, 390, 697; 
crystalline, nuclear zone of, 363; crys- 
talline, nucleus of, 361, 878; crystal- 
line, nutrition of, how effected, 258, 
255; crystalline, opacity of, see CaTa- 
RACT; crystalline, subluxation of, 389, 
654; crystalline, swelling of, in trau- 
matic cataract and discission, 382, 688; 
cylindrical, 600; dispersing, 598; focal 
distance of, 599; numbering of, 599, 
602; periscopic, 600; plano-concave, 
600; plano-convex, 600; spherical, 
600; strength of, how determined, 
603; strength of, varying with dis- 
tance from eye, 604. 

Lens-capsule, 362; after cataract-extrac- 
tion, 697; discission of, in after-cata- 
racts, 691, 699; extraction of, with lens, 
696; opening of, in cataract-extrac- 
tion, 692, 694, 703; simple linear ex- 
traction of, in after-cataracts, 692, 699. 

Lens-star, 362. 

Lenticonus, 394. 

Lenticular astigmatism, 654; exudate in 
anterior chamber, 276; reflex, 4. 

Leontiasis ossea, 584. 

Lepra of conjunctiva, 98; of iris, 306. 

Leptothrix bucealis causing abscess of 
cornea, 158. 

Leucocythxmic retinitis, 404; tumors of 
orbit, 595. 

Leucoma adherens, 142. 

Leucosareoma of chorioid, 326. 

Levator palpebre superioris, 463; paral- 
ysis of, 499, 501. 

Lice causing conjunctivitis lymphatica, 
94; in eyebrows, 481. 

Lids, abseéss of, 470, 504; adenoma of, 
506; anatomy of, 459; angioma of, 
505; anomalies of position and con- 
nection, 486; atheroma of, 505; car- 
buncie of, 470; carcinoma of, 506; ecol- 
oboma of, 506; congenital shortness 
of, 496; conjunctival portion of, 465 ; 
cutaneous horns in, 505; cutaneous 
portion of, 465 ; cysts of. 505; dermoid 
eysts of, 505; diseases of, 459; diseases 
of muscles of, 497; distortion of, in 
trachoma, 64; ecehymoses of, 502, 504 ; 
eczema of, 469, 472; elephantiasis of, 
472; emphysema of, in fracture, 503 ; 
enchondroma of, 506; epithelium of, 
506; erysipelas of, 468, 473; examina- 
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tion of, 1; exanthemata of, 468; fibroma 
of, 506; fibroma molluscum of, 505; fur- 
uncle of, 470, 474; glands of, 31, 36, 
463, 465; glands of, diseases of, 481; 
granular, 73; herpes zoster of, 468, 
471; hyperemia of border of, 475; in- 
flammation of borders of, 475, 476; 
inflammation of skin of, 468; injuries 
of, 502; lipoma of, 506; lousiness of, 
481; lupus of, 471; lymphangioma of, 


506; malignant pustule of, 470, 474; | 


milium of, 505; molluscum contagio- 
sum of, 505; molluscum simplex of, 
505; movements of, 460; muscles of, 
462; neuro-fibroma of, 506; cedema of, 
472; phlegmonous inflammation of, 
470; sarcoma of, 506; spasm of, see 
BLEPHAROSPASM; telangiectasis of, 505 ; 
tumor cavernosus of, 505; tumors of, 
504; ulcers of, 471; warts of, 505; 
xanthelasma of, 504; xanthoma of, 
504. 

Lid-clamp, 719, 738. 

Lid-retractors, 666, 737. 

Lid-specula, 666, 737. 

Liebreich’s method of cataract-extrac- 
tion, 704. 

Ligamentum canthi externum, 463, 466; 
canthi internum, 462, 466; pectinatum, 
242, 244; suspensorium lentis, 361. 

Ligation of carotid for pulsating exoph- 
thalmus, 595; of pterygium, 108. 

Light-perception, how tested, 681, 684. 

Light, reaction of pupil to, 206. 

Light-sense, 20, 27. 

Limbus conjunctive, 33, 

Limitation of motility after squint-op- 
erations, 771; of motility in paralysis 
of ocular muscles, 547. 

Limiting membrane of iris, 237. 

Linear extraction, 692; incision in cata- 
ract-extraction, 701-708 ; incisions, 667; 
knife, Graefe’s, 678-680, 686, 687, 698, 
702, 744; measurement of lateral excur- 
sions of eye, 539. 

Lipoma of lids, 506; subconjunctivale, 
al Ue 

Liquefaction of vitreous, 396. 

Liquor Morgagni, 367. 

Lithiasis conjunctive, 484. 

Lithographers, prevalence of myopia 
among, 638. 

Léffler’s bacillus, 84. 


773 


Loop, Weber’s, 697. 

Lousiness of lids, 481. 

Luminosity of pupil, 9. 

Lungs, hypostatic congestion of, after 
eye-operations, 671. 

Lupus conjunctive, 98, 103; of lids, 471. 

Luscitas, 547. 

Luxatio bulbi, 579; bulbi traumatica, 
586. 

Luxation of eyeball, 579, 586; of lens, 
390; of lens, in cataract-extraction, 
697. 

Lymphadenoma of lachrymal gland, 518. 

Lymphangioma of conjunctiva, 120; of 
lids, 506; of orbit, 595. 

Lymphatic conjunctivitis, see Consunc- 
TIVITIS LYMPHATICA ; ectasiew, 115. 

Lymph-channels of eye, 250. 

Lymphosarcoma of orbit, 595. 

Lymph-passages of cornea, 124; of eye, 
250. 

Lymph-spaces of cornea, 123 ; of eye, 250, 


Macropsia in miosis, 260; in spasm of 
accommodation, 662. 

Macule cornee, 189. 

Macula lutea, 15, 400: lutea, changes in, 
in myopia, 318; lutea, coloboma of, 
329, 330. 

Madarosis, 477. 

Malingerers, examination of, 29. 

Manifest hypermetropia, 643, 

Manometer for determining intra-ocular 
tension, 254. 

Marginal keratitis, 185; network of the 
cornea, 34; ulcers of cornea, 152. 

Massage in superficial keratitis, 213; of 
cornea for cicatrized ulcers, 150; of 
eye for embolism of retina, 402; of 
lids for tylosis, 481. 

Mature cataract, 375, 377. 

Measles, conjunctivitis in, 97, 98. 

Measurement of depressions and projec- 
tions in fundus, 18; of excursions of 
eyeball, 535; of insufficiency, 546. 

Mechanism of accommodation, 613. 

Median tarsorrhaphy, 726, 727. 

Medullated fibers in fiber-layer of retina, 
405. 

Megalocornea, 229. 

Meibomian glands, 465; glands, adenoma 
of, 506; glands, infarcts of, 484; sty, 
182, 
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Melanoma of iris, 306. 

Melanosarcoma of chorioid, 324. 

Meliceris, 593. 

Membrana capsularis, 267; pupillaris, 
267; pupillaris perseverans, 309, 310; 
Ruyschii, 245. 

Membranous cataract, 376. 

Meningocele of orbit, 593. 

Meniscus, 600; negative, 600; positive, 
600. 

Mercury,ammoniated, in blepharitis, 479- 
481; ammoniated, ointment of, in ecze- 
ma of lids, 470; in acute blennorrhea, 
56; in chorioiditis, 315; in iritis, 296; 
in opacities of vitreous, 896; in optic- 
nerve atrophy, 448; in optic neuritis, 
437; in parenchymatous keratitis, 177; 
in retinitis, 405; in syphilitic paralyses 
of ocular muscles, 554; in syphilitic 
periostitis of orbit, 583; inunction of, 
296, 315; red and yellow oxides of, in 
blepharitis, 479. 

Metamorphopsia in chorioiditis, 313 ; in 
detachment of retina, 416. 

Metastasis of gonorrhoea producing acute 
blennorrheea, 53. 

Metastatic abscesses of cornea, 157; cho- 
rioiditis, 320, 821; gonorrhceal con- 
junctivitis, 54; ophthalmia, 321; reti- 
nitis, 407. 

Method, Credé’s, 57; direct, 6; indi- 
rect, 6. 

Metre-lens, 599. 

Meyer’s tissue-paper test, 457. 

Micrococcus of trachoma, 67. 

Micro-organisms in conjunctivitis, 41; in 
trachoma, 67; in vernal catarrh, 95; 
in xerosis, 113; necessary for the pro- 
duction of suppuration, 158, 159. 

Microphthalmus, 328, 330. 

Micropsia in mydriasis, 260; in paralysis 
of accommodation, 661. 

Microscopie anatomy of chorioid, 245; 
of ciliary body, 242; of conjunctiva, 
31, 386; of cornea, 128; of iris, 235, 
239; of lachrymal passages, 511; of 
lens, 362; of optic nerve, 423, 482; of 
retina, 401; of sclera, 211; of uvea, 
235, 239, 242, 245. 

Miliary tuberculosis of chorioid, 327. 

Milium of lids, 505. 

Milky cataract, 376. 

Miner’s nystagmus, 575. 
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Minimum of differentiation, 28; stimu- 
lus (of light-sense), 27. 

Miosis, 257, 808; paralytic, 808; spastic, 
308; spinal, 308. 

Miotics, 259, 263; see also EserInE and 
PILOCARPINE; In glaucoma, 341, 342, 
356; in keratoconus, 209; in paralysis 
of accommodation, 661. 

Mirrors of feeble illumination, 5; of 
strong illumination, 5. 

Mixed astigmatism, 658, 655; nystag- 
mus, 574; trachoma, 74. 

Modified linear extraction, 702. 

Moist, warm compresses, 147. 

Moll’s glands, 463. 

Molluscum contagiosum of lids, 505; 
simplex of lids, 505. 

Monocular diplopia, 532, 541; polyopia, 
365. 

Monolateral squint, 564. 

Morgagnian cataract, 376. 

Morphine in essential blepharospasm, 
501. 

Motile scotomata, 26. 

Movement of eyeball, 525; of lids, 460; 

of readjustment (or redress), 542. 

Mule’s operation, 718, 

Miller’s orbital muscle, 580; palpebral 

muscles, 463 ; palpebral muscles, paral- 

ysis and spasm of, 502. 

Musce volitantes, 395, 397; in cataract, 
364, 366; in myopia, 631. 

Muscle, ciliary, 242, 243, 614; ciliary in 
emmetropia, hypermetropia, and myo- 
pia, 635, 636; ciliary, paralysis of. 660 ; 
ciliary, spasm of, 663; ciliary, tone of, 
663; ciliary, tumors of, 806; Horner's, 
466; orbital of Miiller, 580; palpebral 
of Miiller, 463. 

Muscles, ocular, action of, 525; action 
of, how varying in different positions 
of the eye, 5384: advancement of, 707; 
anatomy and physiology of, 524; ex- 
trinsic, 524; fascie of, 583; insuffi- 
ciency of, 542; intrinsic, 524; limita- 
tion of motility of, after tenotomy, 710; 
limitation of motility of, in paralysis, 
547; paralysis of, 547; tenotomy of, 
705. 

Muscles of lids, 462. 

Muscular equilibrium, 542; funnel, 524. 

Musculus ciliaris Riolani, 466; orbitalis, 
580; palpebralis inferior, 463; palpe- 
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bralis superior, 463, 502; subtarsalis, 
466, 

Mydriasis, 257, 307; in amaurosis, cause 
of, 307; in glaucoma, cause of, 347; 
paralytic, 307, 308; spastic, 807; trau- 
matic, 300, 307. 

Mydriatics, 258, 259, 263; see also ATRO- 
PINE; harmful in glaucoma, 3841, 357. 

Myodesopsia, 366, 396. 

Myoma of ciliary muscle, 306. 

Myopia, 626; apparent, produced by 
spasm of accommodation, 662; appar- 
eut, simulated by hypermetropia, 648 ; 
axial, 629; bad results and complica- 
tions of, 630, 631; cause of, 628, 632, 
637; causing cataract, 383; causing di- 
vergent squint, 566; causing glaucoma, 
359; changes of chorioid in, 316; 
changes of, in age, 686; ciliary muscle 
in, 685; correction of, by a concave 
lens, 16, 633; determination of, 627; 
developing in conjunction with senile 
cataract, 366; developing in lamellar 
cataract, 374; elongation of eye in, 
631, 635; hereditary tendency to, 633; 
hygienic regulations for, 634; inca- 
pacitating for military service, 637; in 
schools, 637: monocular diplopia in, 
542; morbid anatomy of, 631, 635; 
musce volitantes in, 631; object*ve de- 
termination of, 16, 628; orig? of term, 
629; predisposition to, 632, 638; preva- 
lence among certain professions and 
races, 638: progressive, 632; prophy- 
laxis of, 638; relation of, to glaucoma, 
636; rules for prescribing glasses in, 
633 ; staphyloma posticum in, 635, 636 ; 
stationary, 632; subjective determina- 
tion of, 628; theories of its produc- 
tion, 638; treatment of, 633; typical, 
629. 

Myopic astigmatism, 698, 655. 

Myo-sarcoma of ciliary muscle, 306. 

Myxoma of conjunctiva, 120. 


Naphthalinic cataract, 885. 

Nasal duct, 509. 

Near-point, 615; determination of, 619; 
recession of, 622. 

Near-work, excessive, producing myopia, 
632, 637. 

Needle, cataract-,743; couching, 743 ; dis- 
cission-, 688, 743; foreign-body, 186, 


741; knife-, 690, 743; paracentesis-, 
743; tattooing-, 194, 741. 

Negative meniscus, 600; portion of rela- 
tive accommodation, 621; scotoma, 26. 

Nerve, optic, 420. See Optic Nerve. 

Nerves of cornea, 125; of ocular mus- 
cles, 525, 536; of orbit, 579. 

Nerve-stretching in senile blepharospasm, 
501. 

Nervous asthenopia, 451. 

Nervus opticus, 420. 

Network, marginal, of cornea, 34. 

Neurasthenia, disturbances of vision in, 
451. 

Neuritic atrophy of optic nerve, 448: 
swelling, 445, 

Neuritis descendens, 436; intra-ocularis, 
433; optica, 433 (see also Optic NEu- 
RITIS); optic, morbid anatomy of, 444; 
retro-bulbar, 439; retro-bulbar, scoto- 
ma in, 26. 

Neuro-fibroma of lids, 506. 

Neuroma plexiforme of orbit, 595. 

Neuro-retinitis, 409, 437. 

Neurotomy, optico-ciliary, 718, 

Night-blindness, 447, 

Nitrate of silver. See Srtver NITRATE. 

Non-inflammatory atrophy of optic 
nerve, 442; oedema, 114, 115, 472. 

Non-irritative central ulcer of cornea, 
151. 

Non-suppurative keratitis, 129. 

Nourishment of eye, 252. 

Nubeculee cornem, 189. 

Nuclear cataract, 381; paralyses of ocu- 
lar muscles, 553, 560; zone of lens, 
363. 

Nuclei of nerves of the ocular muscles, 
5306. 

Nucleus for the accommodation and the 
pupil, 5387; for the internal recti (con- 
vergence), 537; of abducens, 588; of 
cataract, 867; of cataract, size, how 
determined, 878; of lens, 861; of ocu- 
lomotor nerve, 536; of trochlear nerve, 
DBT. 

Nyctalopia, 447; in cataract, 365; in to- 
bacco-amblyopia, 440. 

Nystagmus, 574; miner’s, 575; mixtus, 
574; oscillatorius, 574; rotatorius, 474. 


Objective determination of astigmatism, 
657; determination of hypermetropia, 
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643; determination of myopia, 628; 
examination of the eyes, 1; orientation, 
529. 

Oblique blepharotomy, 726. 

Oblique, inferior, action of, 527; paral- 
ysis of, 558. 

Oblique muscles, anatomy of, 524. 

Oblique position of head in paralytic 
squint, 551; in strabismus, 573. 

Oblique, superior, action of, 527; paral- 
ysis of, 552, 558. 

Obliteration of lachrymal sac, 516. 

Occlusio pupille, 269, 276, 281. 

Ocular fissure, foetal, 266; muscles, 463, 
524; vesicle, primitive, 264; vesicle, 
secondary, 265. 

Oculomotor nerve, 537; paralysis, 552. 

Cidema calidum, 114, 472; filtration-, 
115; frigidum, 114, 472; inflammatory, 
114, 472; non-inflammatory, 114, 115, 
472; of lids, 472; of mastoid process 
in thrombosis of cavernous sinus, 589 ; 
subconjunctival, 113. 


Oettingen’s operation for trichiasis, 
723. 

Oil-cysts of orbit, 593. 

Ointment, ammoniated-mercury, see 


OINTMENT, WHITE-PRECIPITATE; Arlt’s, 
94; Pagenstecher’s, see OINTMENT, 
YELLOW-Ox1DE; white-precipitate. 91, 
470; yellow-oxide, yellow-precipitate, 
90, 150, 177, 213. 

Old paralyses of ocular muscles, 557; 
system of numbering lenses, 602. 

Oleum fagi and oleum rusci in blepha- 
ritis, 481. 

Onyx, 136. 

Opacitates corporis vitrei, 395. 

Opacities in the refractive media, how 
recognized by means of the ophthal- 
moscope, 8; of the cornea, 189; of the 
cornea, congenital. 196; of the cornea, 
how recognized, 128; of the lens, see 
CaTARACT; of the vitreous, 395, 397, 

Opening of eyes, how effected, 460. 

Operations (or operation), 665; after-treat- 
ment of, 670; antisepsis in, 665 ; Antyl- 
lus-Kuhnt’s, for ectropion, 731; Arlt’s, 
for tarsorrhaphy, 727; Arlt’s modi- 
fication of Gaillard’s, for entropion, 
728; avoided in diphtheritie conjunc- 
tivitis, 83 ; Beer’s, for staphyloma, 202; 
compensating, 709; delirium after, 
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676 ; Dieffenbach’s, for blepharoplasty, 
732; dressing after, 666, 676; equili- 
brating, 710: Eversbusch’s, for ptosis, 
736; flap-, for cicatricial ectropion, 
782; for cataract, see Discisston, Cat- 
ARACT-EXTRACTION, DEPRESSION, and 
ReEcLINATION ; for cicatricial ectropion, 
731; for cicatricial entropion, 729; for 
ectropion, 730; for entropion, 728 ; for 
insufficiency, 545, 708, 709; for para- 
lytic ectropion, 731; for paralytic 
squint, 555, 709; for ptosis, 734: for 
senile ectropion, 730, 731; for spastic 
ectropion, 730; for spastic entropion, 
728 ; for squint, 705; for staphyloma, 
201; for symblepharon, 110, 111; for 
trichiasis, 719; Fricke’s, for blepharo- 
plasty, 732; Fuchs’s, for tarsorrhaphy, 
726; Gaillard-Arlt’s, for entropion, 
728; general rules for, 665; healing of 
wound after, 670; Hotz’s, 722, 723, 
725, 729; inflammation after, 671, 672; 
Kuhnt’s, for ectropion, 731; Kuhnt’s, 
for symblepharon, 111; Mule’s, 718; 
Oettingen’s for trichiasis, 723; Pagen- 
stecher’s, for ptosis, 735; Panas’s, for 
ptosis, 735; shding flap-, for ectro- 
pion, 732; Snellen’s, for ectropion, 730; 
Spencer Watson’s, for trichiasis, 724, 
725; Stellwag’s, for canthoplasty, 726; 
Stellwag’s, for trichiasis, 723 ; substitu- 
tion-, 709; thread-, 710, 712; upon the 
adnexa bulbi, 705; upon the eyeball, 
678; Van Millingen’s, for trichiasis, 
724; Von Graefe’s, for ptosis, 784; 
Von Graefe’s, for strabismus, 710; Von 
Walther’s, for tarsorrhaphy, 726. 


Ophthalmia wgyptiaca, 67, 71; catar- 
rhalis, 37; Egyptian, 67, 71; gonor- 
rheal, 49; jequirity, 70; metastatic, 


821; neonatorum, see BLENNORRH@A 
NEONATORUM; purulenta chrouica, 73 ; 
sympathetic, 289, 292. 

Ophthalmomalacia, 360. 

Ophthalmometer of Helmholtz, 657; of 
Javal and Schidtz, 657, 748. 

Ophthalmoplegia, central, 560; externa, 
552, 560; interna, 553, 660; totalis, 
552, 560. 

Ophthalmoscope, 4, 746; application of, 
7; determination of refraction by, 16, 
657; examination with, 4; invention 
of, 4; principle of, 4, 5; visibility of 
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opacities in the refractive media by 
means of, 8. 

Ophthalmoscopie examination with the 
erect image, 6; with the inverted im- 
age, 7. 

Ophthalmoscopy, 4. 

Optic disk, 9, 13, 14, 490, 422; coloboma 
of, 829. 

Optic nerve, anatomy of, 420; arachnoid 
sheath of, 424; atrophy of, 442; atro- 
phy of, morbid anatomy, 445; atrophy 
of, scotoma in, 25; descending atrophy 
of, 489, 442; diseases of, 420; dural 
sheath of, 423; excavation of, 8, 13, 332, 
334; head of, 14, 400, 422; inflamma- 
tion of, 453; injuries of, 443; intra- 
cranial section of, 425; intra-ocular 
division of, 420; intra-scleral portion 
of, 420; non-inflammatory atrophy of, 
442; orbital division of, 423; pial 
sheath of, 423; primary atrophy of, 
442; sheaths of, 423; simple atrophy 
of, 442; trunk of, 423; tumors of, 
444, 

Optic neuritis, 433; neuritis, morbid 
anatomy of, 444; papilla, 8,9, 18, 14, 
400, 422; tracts, 429. 

Optical area, 426; memory pictures, 426. 

Optico-ciliary neurotomy, 718. 

Optometer, 628; rod-, 619. 

Ora serrata, 400. 

Orbicularis palpebrarum, 462, 466; pa- 
ralysis of, 498; spasm of, 497, 

Orbiculus ciliaris, 241, 247. 

Orbit, anatomy of, 577; aneurism of, 
592; angioma of, 492; angioma lipo- 
matodes of, 595; blood-vessels of, 578 ; 
earcinoma of, 593; cavernous tumor of, 
592; cellulitis of, 583; eylindroma of, 
595; cysts of, 591, 593; dermoid cyst 
of, 591, 593; diseases of, 577; emphy- 
sema of, 587; encephalocele of, 593; 
endothelioma of, 595; exenteration of, 
714, 718; extravasation of blood into, 
586; fascie of, 578; fractures of bony 
walls of, 587; hemorrhage into, 586, 
588; inflammation of bones and peri- 
osteum of, 581, 584; injuries of, 586; 
‘eucocythemie tumors of, 595; lym- 
phangioma of, 595 ; lymphosarcoma of, 
595; meningocele of, 593; muscle of, 
580; nerves of, 579; neuroma plexi- 
forma of, 595; osteoma of, 5995; 
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phlegmon of, 475, 583; position of 
eye in, 579; psammoma of, 595; sar- 
coma of, 592; septum of, 578; telan- 
giectasis of, 592; tumors of, 591; tu- 
mors of, enucleation for, 716. 

Orbital cellulitis, 583; division of optic 
nerve, 423; muscle of Miiller, 580; 
paralysis of ocular muscles, 5538, 562 ; 
periostitis, 581, 584; phlegmon, 475, 
583; portion of orbicularis, 463; sep- 
tum, 578. 

Organic causes of insufficiency, 543; en- 
tropion, 489. 

Orientetion, 528; false (in paralytic 
squint), 549 ; how facilitated by periph- 
eral vision, 21; objective, 529; sub- 
jective, 529. 

Osteoma of conjunctiva, 120; of orbit, 
595. 

Outer operation-wound, 672. 

Ozena producing blennorrhoea of lachry- 
mal sac, 513. 


Pagenstecher’s method of cataract-ex- 
traction, 696; ointment, see OINTMENT, 
YELLOW-OXIDE; operation for ptosis, 
735. 

Pain in glaucoma, 342, 347. 

Pairs of ocular muscles, 526. 

Palpebra tertia, 34. 

Palpebral conjunctiva, 31; glands, 31, 36, 
463,465; glands, diseases of, 481; mus- 
cles, 462; muscles, diseases of, 497; 
muscles of Miller, 468; portion of 
orbicularis, 462, 466. 

Panas’s operation for ptosis, 735. 

Pannus, 168; carnosus, 75; causes of, in 
trachoma, 75; crassus, 75; 1n conjune- 
tivitis lymphatica, 87; inoculation of 
blennorrhceal virus for cure of, 56. 80; 
jequirity-treatment of, 69, 80; sar- 
comatosus, 75; scrofulosus, 87, 92; sic- 
cus, 75; simulating pterygium, 109; 
tenuis, 75; trachomatous, 60; trachom- 
atous, anatomical character of, 74; 
trachomatous, treatment of. 69, 80; 
trachomatous, ulcer of cornea in, 151; 
treatment of, 69, 80; vasculosus, 75. 

Panophthalmitis, 319, 821; diagnosis of, 
145, 474, 475. 

Papilla nervi optici, 8, 9, 18, 14, 400, 422. 

Papille lacrimales, 508. 

Papillary condition of conjunctiva, 36; 
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form of trachoma, 59, 72; hypertrophy 
of conjunctiva occurring in many eye- 
diseases, 73. 

Papillitis, 433. 

Papilloma of conjunctiva, 118. 

Papillo-macular bundle, 482 ; 
432. 

Papulv iridis, 277. 

Paracentesis of cornea, 678; after cata- 
ract-discission, 678, 689; for abscess of 
cornea, 158, 160, 679; for embolism of 
retina, 407; for increase of tension, 
678; for removal of hypopyon, 678 ; for 
staphyloma, 203, 208, 678; for iritis, 
295, 678; for ulcers of cornea, 148, 678. 

Paracentesis of sclera, 679. 

Paracentesis-needle, 743. 

Parallactic displacement, 11, 18. 

Paralysis, basal, 533, 561; changes of 
ocular muscles in old cases of, 551; 
congenital, 561, 562; conjugate, 553, 
560; cortical, 553, 560; diagnosis of, 
555, 560; fascicular, 553, 561; intra- 
cranial, 553, 560 ; measurement of, 559 ; 
nuclear, 553. 560; oculomotor, 552: 
of abducens, 552, 558; of accommoda- 
tion, 660; of ciliary muscle, 660; of 
external rectus, 552, 558; of fourth 
nerve, 552, 558; of individual ocular 
muscles, 553, 558; of inferior oblique, 
558; of inferior rectus, 557, 558; of 
internal rectus, 558; of levator palpe- 
bre superioris, 499, 501; of musculus 
palpebralis superior, 502; of ocular 
muscles, 547; of oculomotor nerve, 
552; of orbicularis, 499; of several 
ocular muscles, 553; of sixth nerve, 
552, 558; of superior oblique, 556, 558 ; 
of superior rectus, 558; of sympathetic, 
308; of third nerve, 552: of trochlear 
nerve, 552; orbital, 553, 562; post- 
diphtheritic, 660; relation of double 
images in, 558; site and etiology of, how 
diagnosticated, 560 ; trochlear, 552, 558. 

Paralytic ectropion, 492, 731; miosis, 308 ; 
mydriasis, 307, 808; squint, 547, 709, 

Parenchymatous keratitis, 172; xerosis, 
112. 

Pars iridica retine, 237: retinalis iridis, 
237; uvealis iridis, 237. 

Partial tenotomy, 712. 

Path of rays when eye is focused for 
source of hight, 10. 


region, 
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Pathological alterations of visual field, 
24; excavation, 13. 

Pearl-cysts of iris, 303. 

Pemphigus conjunctive, 98. 

Perception of colors, 452, 455; of colors, 
rapid diminution of, a sign of optic- 
nerve disease, 27; of light, always re- 
tained in uncomplicated cataract, 365 ; 
of light, how tested in opacity of the 
refractive media, 681, 684. 

Perforation of cornea, 140; of cornea, 
treatment, 148; of eye, symptoms of, 
216. 

Perichorioidal space, 250. 

Pericorneal injection, 36. 

Perimeter, 22, 749; for measuring degree 
of paralysis, 559, 560; for measuring 
excursions of eye, 536. 

Perinuclear cataract, 370, 373; discission 
in, 689. 

Periodic strabismus, 564, 566. 

Pericdical erosion of cornea, 171; forma- 
tion of vesicles on cornea, 171. 

Periorbita, 578. 

Periosteal abscess, 581. 

Periostitis of orbit, 581, 584, 

Peripheral vision, 20. 

Periscopic glasses, 600. 

Peritomy, 80. 

Persistent hyaloid artery, 397; pupillary 
membrane, 309, 310. 

Petit’s canal, 263; method of opening 
the lachrymal sae, 515. 

Phlegmon of orbit, 583; diagnosis of, 
475; retrobulbar, 583. 

Phlyctzena pallida, 95. 

Phlyctenular conjunctivitis and kera- 
titis. See CONJUNCTIVITIS LYMPHATICA,. 

Photometer of Foérster, 28. 

Photophobia in conjunctivitis lymphati- 
ca, 88; not to be too much regarded, 
90; treatment, 90, 93. 

Photopsia in chorioiditis, 818; in de- 
tachment of retina, 416. 

Phthiriasis palpebrarum, 481. 

Phthisis bulbi, 320, 823; bulbi, enuclea- 
tion for, 716; cornew, 148; essential, 
360. 

Phakitis, 868. 

Physiological astigmatism, 652, 654; ex- 
cavation, 13, 334. 

Physostigmine. See Esrrre. 

Pial sheath of optie nerve, 423. 
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Pigment, retinal, 247; stroma, 247. 

Pigmentary degeneration of retina, 410, 

Pigment-epithelium, 247, 401. 

Pigment-layer of iris, 237, 239. 

Pilocarpine, 259, 263; as an absorbent in 
inflammation, 264; in chorioiditis, 
315; in detachment of retina, 414; in 
fistula of cornea, 149; in glaucoma, 
263, 264, 856; in iritis, 295; in myd- 
riasis, 263, 264; in opacities of vit- 
reous, 396; in paralysis of accommo- 
dation, 661; in rheumatic paralyses of 
ocular muscles, 555; in tobacco-am- 
blyopia, 441. 

Pince-ciseaux, 687, 742. 

Pinguecula, 34, 36, 37. 

Placido’s keratoscope, 658. 

Plano-coneave lens, 600. 

Plano-convex lens, 600. 

Plica semilunaris, 34; diseases of, 120. 

Point, fer-, 615; near-, 615; pressure-, 
500. 

Points, visibility of, dependent upon their 
brilliancy, 607. 

Poisons producing paralysis of accom- 
modation, 661. 

Polioencephalitis superior, causing oph- 
thalmoplegia, 561. 

Polyopia monocularis in cataract, 360. 

Polypi of conjunctiva, 118. 

Portio orbitalis, 463; palpebralis, 462, 
466. 

Position of eye in orbit, 579. 

Positive meniscus, 600; portion of rela- 
tive accommodation, 621; scotoma, 26. 

Post-diphtheritie paralysis of accommo- 
dation, 660. 

Posterior chamber, 243, 244; conjunc- 
tival vessels, 34; cortical cataract, 372, 
374; detachment of vitreous, 396; len- 
ticular reflex, 4; longitudinal fascicu- 
lus, 538; polar cataract, 369; scleral 
protuberance of Ammon, 228, 230, 
231; sclerotomy, 680; synechia, 269, 
280. 

Precipitates on cornea in ecyclitis, 272, 
276, 277. 

Presbyopia, 622; formerly confounded 
with hypermetropia, 647; occurring 
early in hypermetropia, 646; occurring 
late in myopia, 680. 

Prescriptions for glasses, how written, 
656. 
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Pressure, intra-ocular, 253. 

Pressure-bandage, 147; in detachment of 
retina, 414; in enucleation, 714; in ex- 
ophthalmus due to extravasation or 
emphysema, 587; in operations upon 
eyes affected with increase of tension, 
676; in prolapse of iris, 149. 

Pressure-opacity of cornea. 191. 

Pressure-points in hysterical blepharo- 
spasm, 500. 

Priestley Smith’s lamp, 3. 

Primary atrophy of optic nerve, 442; 
deviation in concomitant squint, 563 ; 
deviation in paralytic squint, 548; 
enucleation, 716; glaucoma, 337. 

Primitive ocular vesicle, 264. 

Principal focal distance, 599. 

Prisms, 601; for measuring insufficiency, 
546; for measuring paralysis, 560; for 
treatment of insufficiency, 545; for 
treatment of paralysis, 555. 

Prism-tests, 546, 560. 

Probes, lachrymal, 740. 

Prodromal stage of glaucoma, 337; of 
sympathetic irido-cyclitis, 289. 

Progressive atrophy of optic nerve, 442; 
cataract, 368, 374; myopia, 682; pa- 
ralysis producing optic-nerve atrophy, 
442; pterygium, 105; ulcer of cornea, 

30. 

Projection of field of vision on a hollow 
sphere, 22; of field of vision on a 
plane, 22; of retinal images external- 
ly, 529. 

Prolapse of iris, 141; circumstances de- 
termining it, 674; diagnosis of, 668; 
evil consequences of, 669; how averted 
by iridectomy, 675; mode of occurrence 
in operations, 674; treatment, 148, 
675. 

Prolapse of vitreous in cataract-extrac- 
tion, 697, 708; in iridectomy, 687; in 
iridotomy, 688. 

Prophylaxis in acute blennorrheea, 52; 
in blennorrhoea neonatorum, 57; in 
diphtheritic conjunctivitis, 83; in 
sympathetic ophthalmia, 296; of tra- 
choma, 70. 

Protection of sound eye in acute blen- 
norrheea, 52, 54. 

Protective bandage, 147; in diphtheritic 
conjunctivitis, 83. 

Protective glasses, 600, 601; for physi- 
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cians and nurses in acute blennorrhea, 
54. 

Prothesis, 715, 717. 

Provisional canthoplasty, 725; tarsor- 
rhaphy, 728, 732. 

Psammoma of orbit, 595. 

Pseudo-glioma, 322. 

Pseudo-isochromatic diagrams of Still- 
ing, 457. 

Pseudo-pterygium, 108. 

Pterygium, 105; carnosum, 107; cicatri- 
cial, 108; crassum, 107; etiology of, 
106; membranaceum, 107; morbid 
anatomy of, 107; progressive, 105, 
107; results of, 106; sarcomatosum, 
107; stationary, 105; symptoms and 
course of, 104; tenue, 107; treatment 
of, 107, 108; varieties of, 107; vascu- 
losum, 107. 

Ptomaines producing paralysis of accom- 
modation, 661. 

Ptosis, 499, 501; acquired, 499; adiposa, 
502; congenital, 499, 501; operations 
for, 734; simulated, 502. 

Pulmonary congestion. after eye-opera- 
tions, 677. 

Pulsating exophthalmus, 594, 

Pulsation in vessels of optic nerve, 15. 

Punctum lacrimale, 508; lacrimale, ever- 
sion of, 518; lacrimale, stricture of, 
519; proximum, 615; remotum, 615. 

Puncture and counter-puncture, situa- 
tion of, in corneal-flap extraction, 694; 
in scleral-flap extraction, 698, 702. 

Pupil, Argyll-Robertson, 261; artificial, 
situation of, in iridectomy for various 
purposes, 682-684; artificial, vision 
with, 685; cat’s-eye, 687; consensual 
reaction of, 261; contraction of, from 
action of light, 256; contraction of, 
governed by oculomotor nerve, 256; 
contraction of, in convergence and ac- 
commodation, 257; dilatation of, caus- 
ing micropsia, 260; dilatation of, gov- 
erned by sympathetic nerve, 256; dila- 
tation of, produced by sensory stimuli, 
257; distortion of,in anterior synechia, 
142; distortion of, in prolapse of iris, 
668; double, causing diplopia, 541; 
double, produced in iridectomy, 686 ; 
inequality of, always pathological, 257, 
261; inequality of, in mental disease, 
268; irregularity of, in anterior syne- 


chia, 142; irregularity of, in iridodi- 
alysis, 299; irregularity of, in miosis, 
260; irregularity of, in posterior syne- 
chia, 269; luminosity of, 9; occlusion 
of, 269, 276; reaction of, associated, 
257; reaction of, nervous mechanism 
governing, 256; reaction of, reflex, 256 ; 
reaction of, to light an evidence of 
light-perception, 260; reaction of, to 
poisons, 257; seclusion of, 271, 276; 
size and shape of, influencing the char- 
acter of diffusion-circles, 612, 613. 

Pupillary membrane, persistent, 309, 310. 

Pupilloscopy, 19. 

Purkinje-Sanson reflex images, 3. 

Pus-coceci producing ulcers of cornea, 
146. 

Pustular catarrh of conjunctiva, 41. 

Pyzmic ophthalmia, 820, 321; retinitis, 
407. 

Pyorrheea, 50. 


Qualitative vision, 609. 

Quantitative perception of light, 682; 
vision, 609. 

Quinine producing amaurosis, 408; use 
of, in conjunctivitis lymphatica, 91. 


Radical treatment of trachoma, 79. 

Rami perforantes, 32. 

Range of accommodation, 615, 616, 618. 

Real image, 598. 

Recession of far-point, 624; of near- 
point, 622. 

Reclinatio cataract, 700. 

Recti, anatomy of, 524, 583; external, 
action of, 526; external, insufficiency 
of, 543; external, paralysis of, 552,558; 
external, tenotomy of, 706, 709; in- 
ferior, action of, 527; inferior, pa- 
ralysis of, 558; inferior, tenotomy of, 
709; insertion of, 583; internal, action 
of, 526; internal, insufficiency of, 548; 
internal, paralysis of, 558; internal, 
tenotomy of, 705, 709; superior, action 
of, 527; superior, congenital absence 
of, 562; superior, paralysis of, 558; 
superior, tenotomy of, 709, 713. 

Red-blindness, 452. 

Red-green blindness, 456; visual sub- 
stance, 455. 

Redress, movement of, 542. 

Reduced eye, 605. 
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Reflex, 15; corneal, 2, 3; images of 
Purkinje-Sanson, 3; lenticular, 4; re- 
action of pupil, 256; streak, 15; wa- 
tered-silk, 15. 

Refracting media, examination of, 7, 11. 

Refraction of eye, 8, 605; anomalies of, 
597; determination of, by erect image’ 
16; determination of, by inverted im- 
age, 17; determination of, by keratosco- 
py, 19; determination of, by objective 
methods, 16, 17, 19; determination of, 
by ophthalmometer, 657; determina- 
tion of, by ophthalmoscope. 16; deter- 
mination of, by optometer, 628; de- 
termination of, by subjective methods, 
626, 641, 655; tested with reference to 
central vision, 20. 

Refractive power of eye, diminishing in 
old age, 624; greatly decreased by cata- 
ract extraction, 698; slightly reduced 
by atropine, 663. 

Regimen of eyes. 
MENT. 

Region of accommodation, 615, 616, 619; 
of transition, 31, 33. 

Regressive ulcer of cornea, 180. 

Regular astigmatism, 650. 

Reisinger’s double hook, 697. 

Relative far-point, 620; hypermetropia, 
645; near-point, 620; range of accom- 
mouation, 619; scotoma, 26; visual acu- 
ity, 610. 

Relaxation of lateral invaginations, 711. 

Resorption in keratitis, 129; of lens, 
after injury, 382, 688; of hypopyon, 
136. 

Retina, 400; adaptation of, 28; anzemia 
of, 408; anatomy of, 400; arteries of, 
how distinguished from veins,18 ; atro- 
phy of, 410; atrophy of, scotoma in, 
25; concussion of, 419; detachment of, 
413; detachment of, sclerotomy in, 
680; detachment of, scotoma in, 25; 
diseases of, 400; function 
hemorrhages into, 406 ; haemorrhages 
into, causing glaucoma, 359; hyperw- 
mia of, 405 ; inflammation of, see Reri- 
NiTIs; injuries of, 419; nutrition of, 
how effected, 253, 255; physiological 
opacity of, from presence of medul- 
lated nerve-fibers, 405; physiology of, 
402; position of, influencing character 
of astigmatism, 655; position of, in- 
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fluencing size and shape of diffusion- 
circles, 611, 650; rupture of, 416, 419; 
sensitiveness of, in cataract, etc., how 
determined, 681, 684; vessels of, 8; 
vessels of, how distinguished from 
those of chorioid, 16. 

Retinal images, size of, how calculated. 
605; pigment-layer of iris, 239; sys- 
tem of vessels, 35, 248. 

Retinitie atrophy of optic nerve, 443. 

Retinitis, 403; albuminurica, 404, 409; 
diabetica, 404; from dazzling, 410; 
hemorrhagica, 405 ; idiopathica, 405 ; 
leucemica, 404; metastatic (suppura- 
tive), 407; morbid anatomy of, 412; 
nyctalopica, 440; pigmentosa, 410; 
pigmentosa, loss of peripheral vision 
in, 21, 411; pigmentosa, scotoma in, 
25; proliferans, 410; pyemic, 407; 
suppurative (metastatic), 407; syphi- 
litica, 404. 

Retino-chorioiditis, 318, 316, 409. 

Retinoscopy, 19. 

Retrobulbar abscess, 583; neuritis, 439; 
phlegmon, 583. 

Rheumatic iritis, 286, 296; paralyses of 
ocular muscles, 554. 

Rhytidosis corner, 127. 

Rickets causing lamellar cataract, 371, 
373. 

Riders, 370. 

Ring, chorioidal, 13; scleral, 13. 

Ripening of cataract, 374, 879; by iri- 
dectomy, 684. 

Rock-crystal glasses, 604. 

Rods and cones of retina, 400, 401, 

Rodent ulcer of cornea, 152; of lids, 
506. 

Rodeur, the slave-ship, trachoma on, 72. 

Rod-optometer, 619. 

Romershausen’s collyrium, 46, 

Rotation of eye, how effected, 528. 

Ruete’s (indirect) method of ophthal- 
moscopy, 6. 

Ruptura retina, 416. 

Rupture of chorioid, 823; of cicatrix in 
eye-operations, 670; of cornea, 223; of 
retina, 416, 419; of sclera, 223. 


Saccus lacrimalis, 508. 

Saemisch’s method of paracentesis for 
corneal abscess, 158, 689. 

Sagittal axis of eye, 526. 
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Salicylates and salicylic acid in chori- 
oiditis, 315; in detachment of retina, 
414: in herpes zoster, 469; in iritis, 
295, 296; in opacities of the vitreous, 
396; in rheumatic paralyses of the 
ocular muscles, 554; in superficial 
scleritis, 213. 

Salines in opacities of the vitreous, 396 ; 
in retinitis, 405. 

Sarcoma of chorioid, 324; of ciliary body, 
303 ; of conjunctiva, 117, 119; of iris, 
308, 306; of lachrymal gland, 518; of 
lids, 506; of orbit, 592; of sclera, 233. 

Searification of conjunctiva in acute 
blennorrhea, 56; of superficial scle- 
ritis, 213. 

Scheiner’s experiment, 541. 

Schematic eye, 605. 

Schizomycetes causing abscess and ulcer 
of cornea, 158. 

Schlemm’s canal, 244. 

Schmidt-Rimpler’s method of determin- 
ing refraction by the inverted image, 
19: 

Schools, myopia in, 637, 

Scintillating scotoma, 449. 

Scissors, iridotomy-, 742; strabismus-, 
739. 

Scissors-forceps, 687, 742. 

Sclera, 211; anatomy of, 211; diseases 
of, 211; ectasie of, 227: ectasie of, 
causing glaucoma, 359; fibroma of, 
233; inflammation of, see SCLERITIS; 
injuries of, 216; osteoma of, 283 ; para- 
centesis of, 679; rupture of, 217, 223; 
sarcoma of, 233; staphyloma of, 227; 
staphyloma of, anterior, 228, 280; 
staphyloma of, causing glaucoma, 239 ; 
staphyloma of, ciliary, 231; staphy- 
loma of, enucleation for, 717; staphy- 
loma of, equatorial, 228, 230; staphy- 
Joma of, intercalary, 237; staphyloma 
of, morbid anatomy, 2381; staphyloma 
of, posterior, 228, 230; tumors of, 233 ; 
ulcers of, 238. 

Scleral circle of vessels of Zinn, 252; 
conjunctiva, 383; division of cornea, 
125, 126; discission, 691; fiap-extrac- 
tion, 693 ; incisions, 667; paracentesis, 
679; protuberance of Ammon, 3829; 
ring, 13. 

Scleritis, deep, 218; superficial, 212. 

Scleronyxis, 691. 
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Sclerosing keratitis, 182. 

Sclerotomia anterior, 679; posterior, 680, 

Sclerotomy, 356, 679. 

Scotoma, 25; absolute, 26; annular, 25; 
central, 25, 440; color-, 27; fixed, 26; 
in chorioiditis, 318; in detachment of 
retina, 418; in embolism of the cen- 
tral artery, 407; in optic-nerve atro- 
phy, 443; in retinitis, 404; in retinitis 
pigmentosa, 35, 411; in retrobulbar 
neuritis, 489; in tobacco-amblyopia, 
440; motile, 26; negative, 26; posi- 
tive. 26; relative, 26: scintillans, 449. 

Screen-test for muscular insufficiency, 
542. 

Scrofula producing blennorrheea of lach- 
rymal sac, 513. 

Serofulous conjunctivitis, 85; diathesis, 
signs of, 89; iritis, 286; pannus, 87, 92. 

Sea-baths in conjunctivitis lymphatica, 
91. 

Seclusio pupille, 271, 276, 280; causing 
glaucoma, 359: treatment of, 297, 298. 

Secondary cataract, 699; deviation in 
concomitant squint, 563; deviation in 
paralytic squint, 548 ; enucleation, 716 ; 
glaucoma, 359; ocular vesicle, 265. 

Secretion of conjunctiva increased and 
altered in inflammation of conjuncti- 
va, 37. 

Sections, 667; corneal, 667; curved, 667: 
linear, 667; oblique, 673; scleral, 667; 
valve-like, 673. 

Sédillot’s double hook, 737. 

Semi-decussation, 426, 429 ef seq. 

Semilunar fold. See PLicaA SEMILUNARIS. 

Senile blepharospasm, 498, 500; cataract, 
874, 381, 384; ectropion, 492; ectro- 
pion, operations for, 730, 731, 

Sensitiveness of cornea, how tested, 3, 
128. 

Sensory stimuli, reaction of pupil to, 257. 

Septum orbitale, 578. 

Serous irido-eyclitis, 278; iritis, 275, 279, 
287; tenonitis, 585. 

Serpiginous weers of cornea, 86, 188, 153. 

Shadow-test, see Keratroscopy; of cata- 
ract, 375, 380. 

Short-sightedness, 626, 

Sight. See Visron. 

Silver nitrate, discoloration produced by, 
42; excessive use of, producing croup- 
ous and diphtheritice conjunctivitis, 84; 
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in acute blennorrhcea, 53: in acute 
catarrhal conjunctivitis, 39; in blen- 
norrheea neonatorum, 57; in blepha- 
ritis ulcerosa, 480; in conjunctivitis 
catarrhalis chronica, 46; in diphthe- 
ritic conjunctivitis, 82: in eczema of 
lids, 470; in keratitis vesiculosa, 170; 
in trachoma, 67; method of applica- 
tion of, 39, 40; rationale of action in 
conjunctival disease, 42; rules for ap- 
plication of, 42. 

Simple atrophy of optic nerve, 442; glau- 
coma, 343; linear extraction, 692. 

Simulation of blindness, 28. 

Sinus of anterior chainber, 244. 

Site of opacity, how diagnosticated, 12. 

Sixth nerve, course of, 588; nucleus of, 
588; paralysis of, 552, 558, 562. 

Skiascopy, 19. 

Skin-grafting for ectropion, 733. 

Skull, fractures of base, ecchymosis of 
lids in, 504. ; 
Sliding-flap operation for ectropion, 732. 

Slitting of canaliculus, 514, 519. 

Small-pox, conjunctivitis in, 97. 

Snellen’s operation for symblepharon, 
111; operation for trichiasis, 722; su- 
ture for ectropion, 730; suture for en- 
tropion, 730; test-types, 608, 609 ; test- 
types for determination of simulated 
blindness, 30. 

Snow-blindness, 102. 

Soemmering’s crystalline swelling, 698. 

Soft cataract, 377; discission of, 688; 
simple linear extraction for, 692. 

Solitary tuberculosis of chorioid, 327. 

Solutions of continuity of conjunctiva, 
100. 

Sound eye, how protected in acute blen- 
norrhcea, 52, 54; when requiring enu- 
cleation, 717. 

Sounding, 514, 520. 

Sounds, Bowman’s, 514, 740. 

Space, cireumlental, 361; intervaginal, 
250; perichorioidal, 250; subarachnoid, 
424: subdural, 424; Tenon’s, 250. 

Space-sense, 20. 

Spasm of accommodation, 663; macrop- 
sia in, 662; simulating and producing 
myopia, 633, 

Spasm of lids, see BLEPHAROSPASM; of 
musculus palpebralis superior, 502; of 
orbicularis, 497. 
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Spastic ectropion, 491, 730; entropion, 
488, 728; miosis, 308; mydriasis, 307. 

Spatula, 744. 

Spectroscope in testing color-blindness, 
457. 

Specula, 666, 737. 

Spencer Watson’s operation for trichiasis, 
724, 725, 

Spheres of Morgagni, 366. 

Spherical lens, 600. 

Sphincter, angles of, 668; iridis, 235; 
palpebrarum, 462. 

Sphincterotomy, 726. 

Spinal atrophy of optic nerve, 442; mi- 
osis, 308, 442. 

Spongy exudate in anterior chamber, 
276. 

Spot, interpalpebral, 34; yellow, see Mac- 
ULA LUTEA, 

Spring speculum, 666, 737. 

Squint, 562; alternating, 564, 569; ap- 
parent, 570; concomitant, 563, 707; 
convergent, 564, 565, 707; divergent, 
564, 566, 708: dynamic, 543; inter- 
mittent, 570, 576; latent, 543; meas- 
urement of, 572; monolateral, 564; 
operations for, 705; paralytic, 547, 
709; periodic, 564, 566; temporary, 
568; vertical, 570. 

Squint-hook, 739. 

“Staar,” origin and various applications 
of term, 388. 

Staphylococci causing abscess and ulcer 
of cornea, 146, 158. 

Staphyloma, annular, 316; ciliare, 214, 
231; cornea, 148; intercalare, 231; of 
cornea, 197; of cornea, enucleation 
for, 717; of cornea, iridectomy in, 683 ; 
of cornea, partial, 198; of cornea, total, 
197; of sclera, 228; of sclera, enucle- 
ation for, 717; partiale conicum, 198; 
partiale sphericum, 198; pellucidum, 
210; posticum (Scarpz), 228, 3380, 281, 
316, 635, 636, 689 ; totale conicum, 197; 
totale sphiericum, 197. 

Stationary cataract, 368; myopia, 632; 
pterygium, 105. 

Statometer, 581. 

Steam in treatment of cicatrizing ulcer 
of cornea, 150; of parenchymatous ke- 
ratitis, 177. 

Stellate figure of lens, 562. 

Stellwag’s method of cataract-extraction, 
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694; operation for canthoplasty, 725; 
operation for symblepharon, 111; oper- 
ation for trichiasis, 723; symptom in 
Basedow’s disease, 589; theory of glau- 
coma, 350. 

Stenopwic glasses, 194, 601; slit in test- 
ing for astigmatism, 656. 

Stereoscopic vision, 539; absent in stra- 
bismus, 572; Hering’s test for, 539. 
Stevens’s tenotomy-hook, 739; tenotomy- 

scissors, 739. 

Stillicidium, 511. 

Stilling’s knife, 531, 740; pseudo-iso- 
chromatic diagrams, 457. 

Stimulus, minimum (of light-sense), 27. 

Stop-needle, 743. 

Strabismic deviation, 563. 

Strabismus, 562; altcrnans, 564, 569; ap- 
parent, 570; concomitans, 563, 707; 
convergens, 564, 565, 707; deorsum- 
vergens, 570; divergens, 564, 566, 708; 
intermittent, 570, 576; latent, 5438: 
measurement of, 572; monolateralis, 
564; operations for, 705; paralyticus, 
547, 709; periodic, 564, 566; sursum- 
vergens, 570: temporary, in young 
children, 568; vertical, 570. 

Strabismus-forceps, 739. 

Strabismus-scissors. 739. 

Straightening of tarsus, 722. 

Stramonium producing retrobulbar neu- 
ritis, 441. 

Streak, reflex, 15. 

Streptothrix Foersteri occluding canalic- 
ulis, 519. 

Strictures of lachrymal duct, 512; dila- 
tation of, 514, 520; division of, 521. 
Stroma of cornea, 123; of iris, 285; pig- 

ment, 247. 

Strychnine in keratitis neuroparalytica, 
165; in optic-nerve lesions, 441, 443; 
in retinitis pigmentosa, 412; in to- 
bacco-amblyopia, 441. 

Sty, 482. 

Subarachnoid space, 424. 

Subconjunctival ecchymosis, 113; em- 
physema, 115; oedema, 113. 

Subdural space, 424. 

Subjective method of determining hy- 
permetropia, 643 ; of determining myo- 
pia, 628; orientation, 529. 

Subluxation of lens, 389. 

Substitution operation, 709. 
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Subtarsal groove. 
SALIS. 

Suction of cataract, 691, 744. 

Suffusio, 388. 

Suleus subtarsalis, 33. 

Sulphate of copper, sulphate of zine. 
See CoppER SULPHATE, ZINC SUL- 
PHATE. 

Superior lachrymal gland, 508; oblique, 
see OBLIQUE, SUPERIOR; rectus, see 
Recti, SUPERIOR ; tarsal arch, 32. 

Supplemental crystalline lens, 617. 

Suppuration of wound after eye-opera- 
tions, 671. 

Suppurative keratitis, 129, 

Suprachorioid, 245, 

Suture, Gaillard’s, for entropion, 728; 
Snellen’s, for ectropion, 780; Snellen’s, 
for entropion, 730; tobacco-bag, 714. 

Swelling cataract, 3874, 377. 

Symblepharon, 109, 493; anterius, 109 ; 
posterius, 65, 109; prevention of. in 
diphtheritie conjunctivitis, 83; totale, 
109; treatment of, 110, 111. 

Sympathetic inflammation, 289; irido- 
cyclitis, 289, 292; irritation of eye, 
289, 292; ophthalmia, 289, 292, 296, 
298. 

Sympathetic, paralysis of, 308. 

Synchysis corporis vitrei, 396; scintil- 
lans, 398. 

Syndesmitis catarrhalis, 40. 

Synechia, annular posterior, 270, 280, 
297, 298; anterior, 142, 297; anterior, 
occurring without perforation of cor- 
nea, 195; posterior, 269, 280, 297, 298; 
total, posterior, 271, 278, 281, 297. 

Syphilis, hereditary, symptoms of, 176, 
181; producing blennorrheea of lachry- 
mal sac, 513; producing optic neuritis, 
436 ; producing parenchymatous kera- 
titis, 175. 

Syphilitie disease of skin causing con- 
junctivitis, 98; iritis, 285, 292, 295; 
keratitis, 175; neuritis, 486; paralysis 
of accommodation, 661; paralysis of 
ocular muscles, 554: retinitis, 404; 
tarsitis, 486; ulcers of conjunctiva, 104. 

Syringe, Anel’s, 514, 740. 


See SULCUS SUBTAR- 


Tabes causing paralysis of accommoda- 
tion, 661; causing simple atrophy of 
optic nerve, 442. 
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Tapetum of the carnivora, 10. 

Tar, preparations of, in blepharitis, 481. 

Tarsal arches, inferior and superior, 82. 

Tarsitis syphilitica, 486. 

Tarsorrhaphia lateralis, 726; medialis, 
726, 727. 

Tarsorrhaphy, 726; in Basedow’s dis- 
ease, 590; in cicatricial ectropion, 731; 
lateral, 726; median, 727; provisional, 
728, 732. 

Tarsus, 463; diseases of, 486; straight- 
ening of, 722. 

Tattooing of cornea, 19. 

Tattooing-needles, 194, 741. 

Teale’s apparatus for suction of cataract, 
744; operation for symblepharon, 111. 

Tears, abolition of secretion of, 523; 
composition of, 510; conduction of, to 
nose, 510; excessive secretion of, 522; 
secretion of, 510; secretion of, in xero- 
sis conjunctive, 113. 

Teichopsia, 449. 

Telangiectasis of lids, 505; of orbit, 592. 

Temporal hemiopia, 429. 

Temporary canthoplasty, 725; tarsor- 
rhaphy, 728, 732. 

Tendency to fusion of double images, 
540. 

Tenonitis, 585: diagnosis of, 475. 

Tenon’s capsule, 525, 578; space, 250, 
578. 

Tenotomy, 705; accidents after, 713; bi- 
lateral, when indicated, 711; effect of, 
how diminished, 712; effect of, how 
increased, 711; exophthalmus after, 
718; final result of, 712; graduated, 
712; how acting, 710; instruments 
for, 739; partial, 706, 712; sinking in 
of caruncle after, 713. 

Tenotomy-hook, 739. 

Tenotomy-scissors, 739. 

Tension, intra-ocular, 253; diminution 
of, 360; how affected by miotics and 
mydriatics, 264; increase of, causing 
ectasiz of sclera, 229; increase of, fol- 
lowing discission, 689; increase of, 
how causing mydriasis, 307; increase 
of, how produced in glaucoma, 349 ; 
increase of, in primary and secondary 
glaucoma, 332; increase of, in staphy- 
loma of cornea, 200, 205: increase of, 
reduced by iridectomy, 356; in cycli- 
tis, 274; measurement of, 4, 204. 
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Tensor tarsi, 466; chorioidex, 242, 

Tesselated fundus, 16, 315, 

Testing, functional, 20. 

Test-types, Arlt’s, 609 ; Jiiger’s, 608, 609; 
Snellen’s, 608, 609; Snellen’s, for de- 
tecting malingerers, 30. 

Theobald’s lachrymal probe, 740. 

Theory of glasses, 598, 

Thermo-cautery in conjunctivitis lym- 
phatica, 90. 

Third nerve, course of, 536; nucleus of, 
537; paralysis of, 552. 

Thread-operation, 710, 712. 

Thrombosis of cavernous sinus, 475, 584; 
of central vein, 408. 

Tinctura opii crocata, 46, 150; compo- 
sition of, 150. 

Tissue-paper test, 457. 

Tobacco-amblyopia, 440. 

Tobacco-bag suture, 714. 

“Toilet” of the eye in cataract-extrac- 
tion, 694. 

Tone of ciliary muscle, 663. 

Tonic spasms of ocular muscles, 576. 

Tonometers, 255. 

Torpid ulcer of cornea, 139, 

Torpor retine, 164. 

Total color-blindness, 456; ectasie of 
sclera, 229; excavation, 13, 385; hy- 
permetropia, 643; posterior synechia, 
271, 278, 281, 297; staphyloma of cor- 
nea, 197. 

Trachoma, 59; acute, 63; anatomical 
characters of, 59, 74; Arlti, 74; braw- 
ny, 74; complications of, 61; compli- 
cations of, treatment, 69; connection 
with acute blennorheea, 77; connec- 
tion with follicular conjunctivitis, 78 ; 
course, 61; diffusum, 74; dissemina- 
tion of, 72; ectropion in, 65; endemic 
in Europe from the earliest times, 71 ; 
entropion in, 65; epidemic first when, 
71; etiology of, 66, 79; folliculare, 74, 
geographical distribution of, 66; gran- 
ular form of, 60, 73; history of, 71; 
hypertrophy in, varieties of, 59; in- 
tensity of, how varying, 62; microbe 
of, 79; mixtum, 74; opacities of cornea 
in, 66; pannus in, 60; papillary form 
of, 59, 72; prophylaxis of, 70; races, 
varying prevalence of, among, 66; radi- 
cal treatment of, 79; sequele of, 64-66 ; 
sequele, treatment of, 70; statistres of, 
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71; symblepharon in, 65; symptoms 
of, 59; treatment of, 67-70; treatment 
of, radical, 79; trichiasis in, 65; ulcers 
of cornea in, 61,151; varieties of, their 
interrelation, 77; verum, 74; xerosis 
in, 65, 

Trachomatous conjunctivitis, 58; pan- 
nus, 60; ulcer of cornea, 61, 151. 

Transparency of cornea, 128; of refract- 
ing media, how determined, 7. 

Transplantation of cornea, 193; of zone 
of hair-follicles, 720. 

Traumatic abscess of cornea, 156; cata- 
ract, 382, 386; dislocation of lens, 302, 
392 ; iritis, 288, 296; paralyses of ocu- 
lar muscles, 554 ; striped keratitis, 184 ; 
ulcers of cornea, 145, 151, 159. 

Tremulous cataract, 377. 

Trichiasis, 486; development of, in tra- 
choma, 65: operations for, 719; re- 
lapses of, after operation, 723. 

Trochlea, 524. 

Trochlear nerve, 537; paralysis of, 552, 
558. 

True image, 532. 

Tubercular iritis, 286; ulcers of con- 
junctiva, 102. 

Tuberculosis of chorioid, 827; of con- 
junctiva, 102; of iris, 302, 304, 305; of 
lachrymal sae, 520. 

Tumor cavernosus of lids, 505; lacri- 
malis, 511. 

Tumors of brain producing choked disk, 
437; of chorioid, 324; of ciliary body, 
302; of conjunctiva, 115; of cornea, 
210; of eyeball, enucleation for, 716; 
of iris, 302: of lids, 504; of optic 
nerve, 444, 716; of orbit, 591. 

Tylosis, 477. 

Typical hypermetropia, 644 ; myopia, 629. 

Tyrrel’s hook, 744. 


Uleer, asthenic, 189; atheromatous, 158 ; 
blennorrhoeal, 151; catarrhal, 38, 151, 
central non-irritative, 151; cicatriza- 
tion of, 189; cleansed, 126, 139; coated, 
126, 1388; foul, 126,138; glaucomatons, 
153; herpetic, 152; infiltrated, 126, 
138; marginal, 152; of conjunctiva, 
102; of cornea, see CoRNEA, ULCER OF; 
perforation of, 140; progressive, 126, 


138; regeneration of, 134, 189, 142; | 
regressive, 126, 139; rodent, 152, 506; | 
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syphilitic, 104; torpid, 139; trachom- 
atous, 151; traumatic, 151, 159; tuber- 
culous, 102; treatment of, 146, 150, 
158, 154. 

Uleus cornew, 1388; cornee rodens, 152; 
cornee septicum, 159 ; cornez serpens, 
159; rodens (corner), 152; rodens (of 
lids), 506; septicum (cornee), 159 ; ser- 
pens (cornee), 159. 

Unguentum emolliens in blepharitis, 479, 
480. 

Unguis, 136. 

Unripe cataract, 874; artificial ripening 
of, 684; discission of, 689. 

Uremic amaurosis, 409. 

Uvea, 234; anatomy and physiology of, 
234; condition of, in glaucoma, 351; 
inflammation of, after operations, 672 ; 
participation of, in visual act, 256. 

Uveal division of cornea, 125, 126; tract, 
234, 

Uveitis anterior, 172. 178. 


Valences of colors, 455. 

Valve, Hasner’s, 511. 

Valve-like closure of wounds in oblique 
incisions, 6738. 

Van Millingen’s operation for trichiasis, 
724, 

Vaporization employed in cicatrizing ul- 
cers of the cornea, 150; in parenchy- 
matous keratitis, 177. 

Variations of arrangement of vessels of 
optic nerve, 14. 

Variola, abscess of cornea in, 157, 161. 

Vascular fasciculus, 86, 151; funnel, 8. 

Vascularization of cornea in keratitis, 
132, 137, 

Vein, central, 425; thrombosis of, 408. 

Vene vorticose, 248. 

Venous pulse in vessels of optie nerve, 15. 

Vernal catarrh, 94. 

Vertical axis of eye, 525; diplopia, 531. 

Vertigo in paralytic squint, 551. 

Vesicle, ocular, primitive, 264; ocular, 
secondary, 365. 

Vesicles upon cornea, 168. 

Vesicular catarrh of conjunctiva, 41; 
keratitis, 168, 170. 
Vessels of chorioid, ete. 

SELS. 

Vienna paste for obliteration of lachry- 

mal sac, 516. 


See BLoop-vEs- 
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Violet-blindness, 452. 

Virtual far-point in hypermetropia, 640; 
focus, 599; image, 599, 

Visibility of opacities in the refractive 
media by ophthalmoscope, 8 ;‘of points, 
dependent on their brilliancy, 607. 

Vision, after cataract-extraction, 698; 
binocular, 529, 539; central, 20; di- 
rect, 20; disturbances of, without ap- 
parent lesion, 445; double, 529, 539 
(see also DipLopra); in astigmatism, 
651 ; in opacities of vitreous, variations 
of, 399; in strabismus, 564, 571; indi- 
rect, 20; peripheral, 20; qualitative, 
609; quantitative, 609; spontaneous 
restoration of, in cataract, 380; solid, 
539; stereoscopic, 539; tests for, in 
opacities of the refracting media, 681, 
684; with excentric pupil, 685. 

Visual acuity, 606; absolute, 610; dimi- 
nution of, producing myopia, 633, 608 ; 
in cataract, 365; in opacities of vitre- 
ous, 399; in strabismus, 564, 571; rela- 
tive, 610; tested with reference to cen- 
tral vision, 20; tests for, 607, 681, 
684. 

Visual angle, 607; field, see Fretp or 
VIsION ; sensations, law governing, 428 ; 
sphere, 426. 

Vitiated air producing conjunctivitis, 45. 

Vitreous humor, 395; anatomy of, 395; 
artificial, 718; detachment of, 396; 
diseases of, 396; exudation into, in 
cyclitis, 274, 281; favoring the growth 
of germs, 223; foreign bodies in, 397; 
hemorrhages into, 222, 398; liquefac- 
tion of, 396; luxation of lens into, 391, 
697; nutrition of, how effected, 253 ; 
opacities of, 395, 397; prolapse of, in 
cataract-extraction, 697, 703; prolapse 
of, in iridectomy, 687; prolapse of, in 
iridotomy, 688. 

Vitreous lamina of chorioid, 246. 

Von Graefe’s discovery of iridectomy in 
glaucoma, 335, 353; equilibrium test, 
546; groping test, 549; linear knife, 
702, 704; linear knife, uses of, 678-680, 
686, 687, 693, 694; method of cataract- 
extraction, 693, 701-703; method of 
performing advancement, 710; method 
of performing tenotomy, 710; opera- 
tion for ptosis, 734; symptom (in Base- 
dow’s disease), 589-591 ; theory of glau- 
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coma, 349; thread-operation, 710, 712; 
tractor, 744. 

Von Graefe, Alfred, his method of per- 
forming exenteration of eyeball, 718; 
rules for operation in paralytic stra- 
bismus, 709. 

Von Walther’s method of tarsorrhaphy, 
TEA 

Vortices of the chorioid, 248, 


Waldau’s fixation-forceps, 667. 

Waldeyer’s mucous glands, 31,465; glands 
assisting to keep the eyeball moist, 
510. 

Warmth, application of, in abscess of 
cornea, 157; in conjunctivitis lym- 
phatica, 90; in diphtheritic conjunc- 
tivitis, 82; in iritis, 295; in keratitis 
neuroparalytica, 165; in keratitis pro- 
funda, 182; in keratomalacia, 164; in 
parenchymatous keratitis, in ulcers of 
the cornea, 147; method of, in eye-dis- 
eases, 147, 

Warts on lids, 505. 

Watered-silk reflex, 16. 

Weber’s canaliculus-knife, 514, 740; con- 
cave lance, 704, 744; double hook, 704, 
744; loop, 697; method of cataract- 
extraction, 704; sound for gradual 
dilatation, 521, 740. 

Weeping, 522. 

Wenzel’s method of cataract-extraction, 
696. 

Werneck’s procedure in discission, 690, 

Wernicke’s hemiopic pupillary reaction, 
433, 

White-precipitate ointment in eczema, 
coryza, and blepharitis, 91, 479. 

Winking, 462. 

Wolfe’s operation for 
alalals 

Worsted test for color-blindness, 457. 

Wound, operation-, external, 672; inter- 
nal, 672; obliquity of, 672, 673; sup- 
puration of, 671, 672. 

Wounds of conjunctiva, 100; of cornea, 
186; of eye, 216,588; of eye, frequency 
of, 227; of iris, 299; of lids, 502; of 
optie nerve, 443; of orbit, 586; pene- 
trating of eye, 216. 


symblepharon, 


Xanthelasma, 504. 
Xanthoma, 504, 
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Xerophthalmus, 65. 

Xerosis, bacillus of, 118; conjunctive, 65, 
111; epithelialis, 112; etiology of, 112; 
general, 112; glabra, 113; in trachoma, 
65; local, 112; of cornea, 163, 168; 
parenchymatosa, 112; partialis, 113; 
pathology of, 118; squamosa, 1138; 
symptoms of, 112; totalis, 113; varie- 
ties, 112, 118. 


Yellow-spot, 400. 

Yellow-oxide ointment, yellow-precipi- 
tate ointment, 90, 150, 177, 213. 

Young-Helmholtz’s theory of color-per- 
ception, 452. 


INDEX. 


Zeiss’s glands, 463. 

Zeissian sty, 482. 

Zinc-oxide ointment in eczema of lids, 470. 

Zinc sulphate in conjunctivitis, 46. 

Zinn, scleral circle of vessels of, 252; 
zonula of, 361, 363. 

Zona ophthalmica, 169, 468. 

Zone, interpalpebral, 467; nuclear of 
lens, 363; of hair-follicles, ablation of, 
719; of hair-follicles, inversion of, 728 ; 
of hair-follicles, transplantation of, 720. 

Zonula, 361. 

Zonular cataract, 370; opacity of cornea, 
190, 196. 

Zonule of Zinn, 361, 363. 


THE END. 
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